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Preface 


Twenty years ago, after completing my degree in mechanical 
engineering, I began my career in a pressure vessel fabrication 
company. Because I was a newcomer to the industry, I sought 
a reliable reference explaining fabrication and the correspond¬ 
ing procedures of quality assurance and control (QAC). I came 
across books such as Pressure Vessel Design Manual, by Den¬ 
nis R. Moss, and Pressure Vessel Handbook, by Eugene F. 
Megyesy, but these were confined to aspects of design. The 
ASME code and the other national codes were the only docu¬ 
ments available for reference. 

The ASME code provided all the expected specifications 
but failed to suggest the means of achieving compliance with 
such specifications—perhaps because it was intended for engi- 
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neers with an insight into the underlying logic of the code. 
Thus, my efforts to understand the code led only to further 
confusion. 

This book summarizes my efforts, over 20 years, to bridge 
the gap between code specifications and the procedures neces¬ 
sary to comply with them. It can be considered a guide to and 
clarification of the ASME code—encompassing fabrication, in¬ 
spection, testing, and documentation. Because the book offers 
wide coverage of fabrication (from organization setup to final 
testing and documentation), it also promotes uniformity in 
manufacturing, inspection, testing, and documentation. 

Chapters 1 through 10, which are based on my experience 
in QAC and heavy fabrication, are dedicated to practical as¬ 
pects of fabrication, beginning with organizational require¬ 
ments and leading up to the final documentation of the vessel. 
Chapters 11 to 16 describe procedures that are essential for 
conducting various inspections and tests. Chapter 17 ad¬ 
dresses welding procedure specifications, the procedure quali¬ 
fication record, and welder qualification tests. Chapters 18 
and 19 detail a typical quality plan and an inspection and test 
plan, which is also included in QAC documentation. Chapter 
20 provides recommended tolerances for vessels; such toler¬ 
ances, which vary only slightly between most consultants, are 
usually not given in the code. Chapter 21 consists of excerpts 
from ASME Section VIII Div(l) (1998 edition), which is fre¬ 
quently referred to during manufacture. Because the code is 
continually updated to incorporate the latest available data, 
users of this book are encouraged to refer to these sections 
from the latest editions of the code as they become available. 

The book is written based on the requirements of ASME 
Section VIII Div(l). Other sections of the ASME code, such as 
V and IX, are also referred to for the full coverage. Even 
though the book is based only on ASME codes, it could be ex¬ 
tended to other codes for pressure vessels, because the rela¬ 
tionship between fabrication and nondestructive testing 
(NDT) is the same regardless of the code used. 

I would like to acknowledge the assistance and coopera- 
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tion I have received from the learned surveyors of Lloyd’s Reg¬ 
ister, ABS Industrial Verification, Det Norske Veritas, and 
Hartford Steam Boiler. The continued interaction I have had 
with these third-party inspection agencies has been a tremen¬ 
dous help in giving this book its present shape. Similarly, the 
technical and moral support extended to me by my colleagues 
at FACT Engineering and Design Organisation (FEDO) has 
played a vital role in my completion of this work. 

Sunil Pullarcot 










1 . 

Introduction 

1 

2. 

Organization 

7 

3. 

Manufacture of Components 

29 

4. 

Manufacture of Vessel 

67 

5. 

Nondestructive Testing 

141 

6. 

Pad Air and Preliminary Hydrostatic 
Testing 

147 


vii 




viii 


Contents 

7. 

Postweld Heat Treatment 

153 

8. 

Hydrostatic Testing 

159 

9. 

Post-Hydrostatic Test Cleaning 

169 

10. 

Documentation 

173 

Part II 

Procedures 


11. 

Radiographic Testing Procedure for 
Pressure Vessels 

187 

12. 

Ultrasonic Testing for Pressure Vessels 

209 

13. 

Magnetic Particle Testing for Pressure 
Vessels 

237 

14. 

Liquid Penetrant Testing for Pressure 
Vessels 

249 

15. 

Furnace Postweld Heat Treatment for 
Pressure Vessels 

257 

16. 

Hydrostatic Testing of Pressure Vessels 

265 

17. 

Quality Assurance and Control in Welding 

271 

18. 

Quality Plan 

291 

19. 

Inspection and Test Plan 

297 

20. 

Standard Tolerances for Pressure Vessels 

301 

21. 

ASME Exhibits 

305 


Index 


343 




1 

Introduction 


1 GENERAL 

Pressure vessels are manufactured all over the world under 
various international standards. These standards do specify 
the requirements to be met during the manufacture of pres¬ 
sure vessels; however, the means used to meet these require¬ 
ments are not specified in any of these standards. In the fol¬ 
lowing chapters, a detailed methodology to check each 
essential parameter specified in the relevant standards is es¬ 
tablished. Even though the attempt is made based on ASME 
Section VIII Div (1), the same methodology could also be ex¬ 
tended to pressure vessels manufactured under different stan¬ 
dards. The only difference would be in the acceptability norms 
that obviously could be gathered from the applicable standard. 
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2 PRESSURE VESSEL 

A vessel used for the containment of pressure (either internal 
or external) is a pressure vessel. Pressure vessels can be of 
any shape. However, the most complicated one, as envisaged 
in ASME Section VIII Div (1), is shown in Figure 1.1. 

3 STANDARDS 

The most commonly used standard in the manufacture of pres¬ 
sure vessels in India is ASME Section VIII Div (1) even though 
there is another Indian standard for unfired pressure vessels. 
The standards that are commonly used in India for the manu¬ 
facture of pressure vessels are the following. 

1. ASME Section VIII Div (1): Rules for Construction of 
Unfired Pressure Vessels 

2. ASME Section VIII Div (2): Alternative Rules for 
Construction of Unfired Pressure Vessels 

3. ASME Section VIII Div (3): Alternative Rules for 
Construction of High Pressure Vessels 

4. IS 2825: Indian Standard code for Unfired Pressure 
Vessels 

5. BS 5500: Specification for Unfired Fusion Welded 
Pressure Vessels 

6. Chapter J of Rules and Regulations for the Construc¬ 
tion and Classification of Steel Ships by Lloyds Regis¬ 
ter of Shipping 

7. AD Merkblater Technical Rules for Pressure Vessels 

4 METHODOLOGY 

The basic information for designing pressure vessels, being a 
part of the process plant, should be formulated by the process 
engineering group and contain such criteria as shown in 
Figure 1.2. This is known as the design data sheet (DDS). 





Introduction 



Figure 1.1 Typical pressure vessel. 
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1 Customer/Client 


2 Customer Order No. 


3 Shop Order No. 


4 Design Drawing 


5 Specifications 


6 Vessel Name 


7 Equipment No. 


8 Design Code & Addenda 


9 Design Pressure 


10 Design Temperature 


'll 1 

Internal I I External | 

12 Operating Temperature 


13 Vessel Diameter 


14 Volume 




16 Service 


17 Design Liquid Level 


18 Maximum Allowable Working Pressure 


19 Test Pressure 
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20 Heat Treatment 
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Figure 1.2 Design data sheet. 


Additional conditions that are to be considered during design, 
manufacture, and testing, along with technical/commercial 
conditions of delivery, will be furnished in a document called 
the technical procurement specifications (TPS), which is part 
of the purchase order (PO). 

Based on the design data sheet and other technical condi- 
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tions, the design department of the fabricator performs the 
design calculations as per the applicable code, and a detailed 
fabrication drawing is prepared. This in turn is sent to the 
client, consultant, third party inspection agency, statutory au¬ 
thority, etc., for their scrutiny and approval. 

After the approval of the design and drawings by various 
agencies (primarily the client or consultant), the planning de¬ 
partment of the fabricator generates material requisitions to 
the procurement department. The material requisition is just 
a translation of all the relevant data given in the drawing as 
well as in the TPS in a form that can be understood by the 
vendor for that particular item. 

The purchase department floats enquiry for materials to 
reputed vendors who are already registered with the fabrica¬ 
tor. The department is primarily responsible for obtaining ma¬ 
terials of required quality at the lowest price and within the 
stipulated time frame. The responsibility of the department 
ceases only when the material is received at stores and ac¬ 
cepted by the quality assurance and control (QAC) depart¬ 
ment. 

On receipt of the material, the planning department is¬ 
sues a work order to the production department with authori¬ 
zation to draw materials from stores along with certified-for- 
fabrication drawings and a detailed delivery schedule for the 
work. 
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Figure 1.3 Sketch of two views of pressure vessel. 
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The production department in turn works out its micro¬ 
level planning based on availability of manpower and ma¬ 
chines to meet the deadlines committed to the client. 

The microlevel planning of the QAC department is car¬ 
ried out in such a way that it shall not conflict with the overall 
production schedule nor the microplanning of production. 

With the concerted efforts of all the mentioned depart¬ 
ments, as well as the other service departments like stores, 
maintenance, personnel, finance, etc., the targets for cost, 
time, and quality can be met. If these targets are achieved, it 
paves way for prosperity of the organization. 





2 

Organization 


1 THE NEED AND ROLE 
OF ORGANIZATION 

In order to achieve the required level of quality in production, 
all the departments mentioned in Chapter 1 must function in 
a concerted and organized manner with the ultimate aim of 
better and consistent overall quality for the product. This in 
turn calls for a strong and well-defined organization well in¬ 
terlaced between departments so that all departments func¬ 
tion as a team with a single corporate objective, rather than 
focus on the best performance of any individual department. 
The product quality shall in no case be lower than that desired 
by the client in the specifications. At the same time it need 
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not be of extremely high quality, in which case the product 
cost would also be very high. The organization shall be capable 
of delivering the products of optimal quality at the lowest cost. 
Therefore, repairs and reworks shall be avoided to the extent 
possible as they inevitably turn out to be very expensive in 
terms of both money and time. With this objective in mind, 
this chapter describes a successful organizational model based 
on the author’s experience in the field. 


2 ORGANIZATION CHART 

A typical organization chart for a medium scale pressure ves¬ 
sel manufacturing setup is shown in Figure 2.1. 

The positions shown in the organization chart can be 
broadly classified into three levels. The level consisting of the 
General Manager (GM) and the Deputy General Managers 
(DGMs) is called the top management; they make the policy 
and strategic decisions. The middle management level con¬ 
sists of Managers and Assistant Managers, who make deci¬ 
sions on day-to-day affairs. They are also expected to brief the 
top management with an abridged version of all decisions and 
the results of same for information management to be utilized 
for future policy decisions. Interdepartmental coordination is 
another major area of concern for middle managers, and they 
must communicate the goals set by top management to facilli- 
tate implementation by the junior managers of the company. 
The junior managers include engineers and supervisors. The 
engineers mostly carry out the theoretical and analytical part 
of the work, whereas the supervisors are expected to provide 
the labor management. 

Out of the positions described, engineers shall man all 
engineering and procurement disciplines, whereas the officers 
and staff in the finance, personnel, and stores departments 
may be from the nontechnical side. 

Depending on the turnover of the company and amount 
of work, additional posts can be generated as needed. In the 
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Figure 2.1 Organization chart. 
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interest of the organization, it is better to have all key person¬ 
nel from every department on a permanent basis, and the ju¬ 
nior staff required can be hired on a contract basis depending 
on need. 


3 DEPARTMENT FUNCTIONS 
AND RESPONSIBILITIES 

3.1 Commercial Department 

The commercial department is responsible for bagging orders 
for the firm by constantly keeping in touch with probable and 
potential clients. Its scope of work is vast and a few of the 
salient responsibilities are as follows: 


1. Keep the company in the approved vendor list of all 
prospective clients as well as renowned consultants. 

2. Obtain tender documents and make a competitive of¬ 
fer, attending to technical discussions and clarifica¬ 
tions along with concerned engineers from the re¬ 
quired departments; follow up on offers; and bag 
orders. (In order to prepare estimates, preliminary 
designing may be done by the design department and 
may be discussed with other departments to confirm 
on all practicalities of the job in formal pretender 
meetings.) 

3. Enter into formal contracts with clients and consul¬ 
tants as needed to obtain orders. 

4. Transfer purchase order (PO) and other documents 
pertaining to the contract to the concerned depart¬ 
ments and explain to them the basis of estimation in 
a postorder meeting. 

5. Keep track of changes in the environment and direct 
company in equipping itself for meeting new chal¬ 
lenges as well as to keep the company always in the 
forefront. 
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6. Promote the company in all appropriate potential av¬ 
enues. 

7. Prepare and monitor the schedules for improvements 
and developmental activities as well as diversifica¬ 
tion plans. 

3.2 Design and Drawing Department 

The first step in the manufacture of pressure vessel is the de¬ 
sign of the vessel based on the design data sheet as well as 
the other technical conditions stipulated in the technical pro¬ 
curement specifications (TPS). For this reason, the depart¬ 
ment must go through all the technical conditions while car¬ 
rying out the design. As all the subsequent activities are based 
on this fabrication drawing, all practical aspects of production 
must be considered. Some of the major responsibilities of the 
department are 

1. Carry out the design as per applicable codes and cli¬ 
ent specifications; prepare fabrication drawings; sub¬ 
mit design calculations and fabrication drawings for 
the approval of the client, third party, consultant, 
and statutory authority to obtain their approvals as 
needed. 

2. Issue the prepared drawings to all the concerned de¬ 
partments to obtain feedback as to the method of fab¬ 
rication and sequence of fabrication and incorporate 
such changes in the drawing as desired by the depart¬ 
ments and obtain approvals for the changes effected. 

3. Issue the certified-for-fabrication drawings to various 
departments to start the work. 

4. Maintain reference standards like codes, etc., for the 
design and fabrication and keep abreast with the lat¬ 
est design and drawing trends. 

5. Obtain as-built dimensions from concerned depart¬ 
ments and prepare as-built drawings. 

6. Issue solutions to fabrication problems and for mate- 
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rial problems and suggest alternative materials and 
methods when needed. 

3.3 Planning Department 

This department is the backbone of the production even 
though they are not directly involved in the production func¬ 
tion. A few major responsibilities of the department are as fol¬ 
lows: 


1. Keep track of all materials in hand and plan the most 
effective and economical use of same. 

2. Generate material requisitions to procurement de¬ 
partment for raw materials other than that available 
in the stores, highlighting the required delivery date. 
The format suggested for this purpose is shown in 
Figure 2.2. 

3. Issue technical recommendations on offers obtained 
by the procurement department and keep track of 
same up to their delivery to stores. 

4. Issue work order and material authorization for 
shops to draw materials and to start with the actual 
execution of the job. The suggested formats are 
shown in Figures 2.3 and 2.4. 

5. Schedule the shop loading based on machine and 
manpower availability considering all other aspects 
of economy. 

6. Identify and monitor critical path activities and keep 
management posted on schedules, targets, and tasks. 

7. Schedule necessary discussions with clients includ¬ 
ing progress reporting. 

8. Coordinate with other departments in overcoming 
problems. 

9. Conduct periodic review meetings with concerned de¬ 
partments and chart out appropriate action plans as 
needed. 
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EMBLEM 


MATERIAL REQUISITION 


Order No. 


MR No. 


Purchaser 


Date 


E33J3E3M' 





The following items may be procurred for the above referred project as per the delivery schedule. 


SI.No. 

Description 


m 

Unit 

Due Date 








(Note: - As far as possible, one request may be used for one type of material only) 


Manager Planning 

Routing: • 

Asst. Manager Procurement 


Cc: Manager (Production) 
Manager (QAC) 

O/C 1: Master FUe 
O/C 2: Job File 


Figure 2.2 Format for material requisition. 
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EMBLEM 


WORK ORDER 


Order No. 


Work Order No. 


Purchaser 


Date 







■HI 


The production is hereby requested to manufacture —numbers) of pressure vessels/ columns/ 
as per the above drawings with the salient features as below. 


n 

Vessel Identification Number(s) 


2 

Design Sc Manufacturing Code 


3 

Approximate Diameter & Length 


4 

Design Pressure & Temperature 


5 

Test Pressure 


6 

Heat Treatment 


7 



8 

NDT requirements 


9 

Material of Construction 


mm 



tsm 




As Built Documents 

i 


Manager Planning 
Routing: • 


Manager Production 


Cc: Manager (QAC) 
Officer (Stores) 

0 1C 1: Master File 
O/C 2: Job File 


Figure 2.3 Format for work order. 
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EMBLEM 


MATERIAL AUTHORIZATION 


Order No. 


Authorization No. 


Purchaser 


Date 


Description 


Work Order Ref: 



The production is hereby authorized to draw the following materials received at stores as per the 
references indicated against each for the above referred work order. The scrap material against 
this project should be returned to stores on completion of the work with material reconciliation 
statement. 


Sl.No. 

Description 


Unit 

PO&RR 

Details 







Manager Planning 

Routing: • 

Manager Production 

Cc: Manager (QAC) 
Officer (Stores) 

O/C 1: Master File 
QIC 2: Job File 


Figure 2.4 Format for material authorization. 
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3.4 Procurement Department 

The basic function of this department is to procure materials 
as specified in the requisition of the planning department, 
within the allocated budget and time. A few major functions 
of the department are 

1. Maintain an up-to-date approved vendor list on all 
raw materials, consumables, and spares for the heavy 
machinery in the shops. 

2. Obtain enquiries within the time frame specified by 
the planning department as per the technical pro¬ 
curement specifications and at the lowest cost. 

3. Place orders with reliable parties and expedite them 
to ensure timely receipt at stores. 

4. Collect the documents pertaining to supply and for¬ 
ward them to the concerned departments for further 
action. 

5. Constantly upgrade and revise vendors list based on 
previous interactions with these parties as well as on 
reliable information from various sources. 

3.5 Stores 

All raw materials received and accepted will be under the cus¬ 
tody of stores. They are expected to issue the same to produc¬ 
tion based on authorization from the planning department. 
Listed here are a few of their salient functions: 

1. Receive and store materials at the incoming stores 
area earmarked for the purpose. 

2. Offer materials to the quality assurance and control 
department (QAC) for the inspection of same through 
intimation of material receipt (a sample format is 
given in Figure 2.5). 

3. Take all accepted materials to the stock and store 
them properly. The intimation of the materials shall 
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EMBLEM 


INTIMATION OF MATERIAL RECIEPT 


Purchase 
Order No. 


Date 


Vendor 


Date of Receipt 



DETAILS OF ITEMS RECEIVED 


SI.No. 

Tau No. 

Description 


_ 



Location: 

Store Keeper in Charge: 

Status of MTC: Received/ not received 


Officer (Stores): 

Routing:- 
Manager (QC&A) 

Cc: Manager (Purchase) O/C 1 Master File 

Manager (Planning) O/C 2 PO File 

Manager (Production) 


Figure 2.5 Intimation of material receipt. 
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be given to the planning department for further ac¬ 
tion. 

4. Issue materials to users based on authorization from 
the planning department (for raw materials only). 

3.6 Quality Assurance and Control Department 

Even though the quality assurance and control department is 
a service department to production, it has a higher responsi¬ 
bility to the client by virtue of its function. Therefore the de¬ 
partment enjoys more autonomy than others and shall be 
manned by well-qualified personnel with a high degree of in¬ 
tegrity. Listed here are some of their important responsibili¬ 
ties: 


1. Carry out the inspection of all incoming raw materi¬ 
als at stores based on PO terms and applicable codes 
as specified in the PO and maintain records to that 
effect. 

2. Prepare and obtain approval for all quality 
assurance/quality control procedures, including the 
quality assurance plan (QAP), inspection and test 
plan (ITP), welding procedure specifications (WPS), 
procedure qualification records (PQRs), and the 
welder’s qualification test (WQT), as well as nonde¬ 
structive testing (NDT), postweld heat treatment 
(PWHT), and final hydrostatic testing (HT) proce¬ 
dures. All are based on requirements of applicable 
codes and contracted specifications. 

3. Carry out stagewise inspection during manufacture 
and maintain records. 

4. Carry out NDT and DT as required at various 
stages, reporting on unacceptable defects; review 
rectification of defects previously detected through 
rigorous follow-ups with production; and maintain 
records to this effect. 
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5. Prepare NDT summary, weld summary, etc., along 
with weld maps and consolidation of same to check 
the completeness of NDT. 

6. Witness various tests carried out during the process 
of manufacture and prepare documents. 

7. Coordinate with third party/client/consultant for 
witnessing the hold points/stages as laid out in the 
QAP and prepare documentation of same. 

8. Issue manufacturer’s certificates for the vessels in 
the required format. 

9. Prepare manufacturer’s data report (MDR) and sub¬ 
mit it to client after approval by third party/ 
consultant/client as required. 

10. Supply information to the design department for the 
preparation of as-built drawings. 

11. Perform quality auditing and reporting to top man¬ 
agement on overall quality level of various depart¬ 
ments directly involved in the making of the vessel, 
namely, design and drawing, planning, procure¬ 
ment, stores, production, and QAC departments. 

3.7 Production Department 

The physical transformation of raw materials to a pressure 
vessel is the function of the department, even though a lot of 
effort by other departments also goes into it prior to the start 
of manufacture. Listed here are some of the main functions of 
the production section: 


1. Production of shells, dished ends, cones, subassem¬ 
blies as per engineering drawings, code practices, 
and the schedule of the planning department. 

2. Feed back to planning on daily production status, 
problems, remedial measures, catch-up plans, etc. 

3. Offer materials or products to QAC at various stages 
of fabrication for inspection. 
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4. Return balance materials to stores with proper iden¬ 
tification and certification by the inspection depart¬ 
ment or agency concerned. 

5. Perform the physical conduct of tests other than 
NDT/DT as per approved procedures and the in¬ 
structions of QAC. 

6. Keep up valid calibration certificates for all the mea¬ 
suring instruments. 

7. Use proper procedures for the manufacture of com¬ 
ponents based on the process to be used. 

8. Perform PWHT as per the approved procedure and 
in consultation with QAC on placement of thermo¬ 
couples and on alterations to the cycle. 

9. Perform the physical conduct of the hydrostatic test 
and the post-hydro test cleaning of the vessel. 

10. Clean and paint the vessel as per the PO. 

11. Pack the equipment for shipment to site as per PO. 

3.8 Maintenance Department 

Improving the availability of machines required for produc¬ 
tion is the main function of this department. A few other re¬ 
sponsibilities as noted are also usually entrusted to them: 

1. Keep all the machines in good order using proper pre¬ 
ventive maintenance and scheduled shutdowns with¬ 
out affecting production. 

2. Prepare material requisition for spares and consum¬ 
ables for the smooth operation of all the equipment 
including welding machines, grinders, etc., apart 
from heavy equipment. 

3. Maintain all company vehicles for the transport of 
goods for production. 

3.9 Personnel Department 

All personnel matters are to be tackled by this department, 
including the following: 
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1. Recruitment, training, maintenance of personal rec¬ 
ords, renewal of contracts, sanction of increments, 
fixation of pay, etc. 

2. Welfare measures for employees. 

3. Office administration matters including housekeep¬ 
ing, postage, and other office facilities management. 

3.10 Finance Department 

Anything related to finance should be in the scope of the fi¬ 
nance department’s work, including 

1. Resources planning and allocation of funds for differ¬ 
ent jobs based on profitability. 

2. Accounting and its regularization and ratification 
with all statutory agencies. 

3. Payroll for all employees. 

4. Payment to all outside agencies on accounts of pur¬ 
chase of materials and services. 


4 MASTER DOCUMENT FLOW DIAGRAM 

The flow of documents between departments is shown in Fig¬ 
ure 2.6, which depicts only the salient documents. 


5 INPUTS AND OUTPUTS 
OF DEPARTMENTS 

The important inputs and outputs of the departments de¬ 
scribed in Section 3 are summarized in Table 1. Inputs and 
outputs are categorized in two main groups—namely, one to 
outside agencies and one to other departments within the or¬ 
ganization. 
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Figure 2.6 Master document flow diagram. 
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Table 1 Inputs and Outputs 


Inputs 

Outputs 

Outside the 

Inside the 

Outside the 

Inside the 

organization 

organization 

organization 

organization 

Commercial Department 

Enquiry Preliminary de- 

Registration with 

Intimation of or¬ 


sign 

clients 

der receipt 

Order 

Details for esti¬ 

Offer 

PO and technical 

Comments on sched¬ 

mation 

Suggestion for 

Clarification and 

specifications 
Schedules for de¬ 

ules and reports 

development 

negotiation 

velopment work 

activities 

Budgetary prices 
for cost esti¬ 
mation 

Fabrication details 
for cost esti¬ 
mation 

Minutes of review 
meetings 

Design and Drawing Department 

Approval for design NIT for prelimi- 

Promotion 

Design and draw¬ 

Preliminary de¬ 

and drawing 

nary design 

ings for ap¬ 

sign for esti¬ 


PO and technical 

proval 

Final as-built 

mation 

Design and draw¬ 


specifications 

drawings 

ings for fabrica¬ 


Problems during 
fabrication 
Dimensions for as- 
built drawings 
Minutes of review 
meetings 


tion 

Solutions to fabri¬ 
cation problems 

Planning Department 

Comments on sched¬ 

NIT and other doc¬ 

Schedules and 

Fabrication details 

ules and reports 

uments 

progress reports 

for cost esti¬ 

Call for review 

PO and technical 

Minutes of review 

mation 

Schedules and 

meetings 

specifications 

meetings 

progress reports 

Material receipts 

Design and draw¬ 

Dispatch docu¬ 

Material requisi¬ 

and documents 

ings for fabrica¬ 

ments for com¬ 

tion for raw ma¬ 


tion 

pleted vessel 

terials 
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Table 1 (Continued) 



Inputs 

Outputs 

Outside the 

Inside the 

Outside the 

Inside the 

organization 

organization 

organization 

organization 


Planning Department 


Credentials of ven¬ 
dors for evalua¬ 
tion 

Materials status 
including new 
receipts 

Progress reports 
on materials 
and work 

Manpower and ma¬ 
chine availabi¬ 
lity 

Inspection report 
of raw materials 

Dispatch docu¬ 
ments for com¬ 
pleted vessel 


Technical recom¬ 
mendation on of¬ 
fers 

Materials request 
authorization 

Periodic review of 
progress and 
plans 

Dispatch docu¬ 
ments for com¬ 
pleted vessel 

Recom mendation 
of vendors for in¬ 
clusion 


Invoices against 
the delivery 


Procurement Department 


Credentials of ven¬ 
dors for evalua¬ 
tion 

Offers from vendors 
for raw materials 

Clarifications on 
enquiries 

Dispatch documents 
and certificates 

Receipt of materials 
at stores 


Recommendation 
of vendors for in¬ 
clusion 

Material requisi¬ 
tion for raw ma¬ 
terials 

Technical recom¬ 
mendation on of¬ 
fers 

Acceptance or re¬ 
jection of items 

Request for pur¬ 
chase of spares 

Minutes of review 
meetings 


Notice for vendor 
qualification 

Intimation of qua¬ 
lification 

Enquiry to vendor 
for raw mate¬ 
rials 

Clarifications on 
enquiries 

PO and other con¬ 
ditions of de¬ 
livery 

Acceptance or re¬ 
jection of items 


Credentials of ven¬ 
dors for evalua¬ 
tion 

Offers with com¬ 
parison state¬ 
ment 

Dispatch docu¬ 
ments and cer¬ 
tificates 

PO and other con¬ 
ditions of de¬ 
livery 

Dispatch docu¬ 
ments and cer¬ 
tificates 
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Inputs 

Outside the Inside the 

organization organization 

Stores 

Receipt of materials PO and other con- 
at stores ditions of de¬ 

livery 

Dispatch documents Dispatch docu- 
and certificates ments and cer¬ 

tificates 

Material inspec¬ 
tion reports 

Material request 
authorization 

Minutes of review 
meetings 

Quality Assurance and Control Department 

Approved QAP, PO and technical 

ITP, WPS, PQR, specifications 

and WQT records 

Approved NDT, Design and draw- 

PWHT, and HT ings for fabrica- 

procedures tion 

Certificate of inspec- Schedules and 
tion from third progress reports 

party (TP) 

Materials inspec¬ 
tion call from 
stores 

Stagewise inspec¬ 
tion call from 
shop 

NDT requisition 
from shops as re¬ 
quired 

PWHT charts and 
reports 

Dimensions for as- 
built drawings 

Minutes of review 
meetings 


Outputs 

Outside the Inside the 

organization organization 


Return of rejected Inspection call to 
materials QAC 

Issue of materials 
as per authori¬ 
zation 


QAP, ITP, WPS, 
PQR, and WQT 
records 

NDT, PWHT, and 
HT procedures 

Stagewise inspec¬ 
tion call to TP 


MDR with as-built 
drawing 


WPS/PQR results 

PQR/WQT re¬ 
quirements 

Approved QAP, 
ITP, WPS, PQR, 
and WQT rec¬ 
ords 

Approved NDT, 
PWHT, and HT 
procedures 

Materials inspec¬ 
tion reports 

Stagewise inspec¬ 
tion reports 

NDT reports with 
interpretation 

Pad air test re¬ 
ports 

Endorsed PWHT 
charts and re¬ 
ports 
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Table 1 (Continued) 



Inputs 

Outputs 

Outside the 

Inside the 

Outside the 

Inside the 

organization 

organization 

organization 

organization 


Quality Assurance and Control Department 


Hydraulic test re¬ 
ports signed by 
TP 

Dimensions for as- 
built drawings 
Cleaning and 
painting reports 
MDR with as-built 
drawing 

Quality audit re¬ 
port and ana¬ 
lysis 


Production Department 

PO and technical 
specifications 
Design and draw¬ 
ings for fabrica¬ 
tion 

Schedules and 
progress reports 

Material request 
authorization 
Advance notice on 
maintenance 
schedule 
Restrictions on 
machines 
Minutes of review 
meetings 


Material request 
authorization 
Stagewise inspec¬ 
tion call to QAC 

NDT requisition 
as required in 
code 

Request to witness 
pad air test 
Request for 
PWHT verifi¬ 
cation 

Request to witness 
hydrostatic test 
Dimensions for as- 
built drawings 
Dispatch docu¬ 
ments for com¬ 
pleted vessel 


Maintenance Department 

Receipt of spares Schedule of ma¬ 
chine loading 


Actions for mainte- Advance notice on 
nance contract maintenance 
schedule 
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Inputs 

Outputs 

Outside the 
organization 

Inside the 
organization 

Outside the 
organization 

Inside the 
organization 

Maintenance Department 



Maintenance con¬ 
tracts for special 
equipment 

Intimation of 
breakdowns 


Restrictions on 
machines 

Request for pur¬ 
chase of spares 
Consumables for 
machines 

Personnel Department 




Liaison with statu¬ 
tory authorities 

Manpower re¬ 
quirement 

Training need for 
skilled workers 

Employee records 
(personal and 
technical) 

Liaison with statu¬ 
tory authorities 

Renewal of con¬ 
tracts as re¬ 
quired 

Granting of incre¬ 
ments and pro¬ 
motions 

Finance Department 

Audited financial 
results 

Cashflow require¬ 
ments 

Invoices and re¬ 
ceipts for pay¬ 
ment 

Audited financial 
results 

Salary statement 
of employees 
Payment to pur¬ 
chase of materi¬ 
als and services 
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Manufacture of Components 


1 GENERAL 

Pressure vessels consist of various components (as shown in 
Figure 3.1); based on the shape, various methodologies are 
adopted for manufacture. These methods must be strictly in 
accordance with the provisions of the prevailing code. The 
methods described here are in line with the requirements of 
ASME Section VIII Div (1) and hence shall meet almost all the 
requirements of other codes for pressure vessel manufacture. 

2 COMPONENTS 

The different components that are normally encountered in 
the manufacture of a pressure vessel are 

29 
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1. Heads or dished ends 

2. Shell (body of the vessel) 

3. Cones or reducers 

4. Attachments like nozzles, manholes, saddle supports, 
skirt supports, leg supports, trunnions, lifting lugs, 
platform and ladder supports, etc. 


3 PRIORITY IN MANUFACTURE 

The manufacture of heads and cones is considered to be more 
difficult than that of shells due to the difficulty in controlling 
the dimensions of these two items. (Whereas the dimensions 
of shell sections, for example, can be controlled precisely.) For 
this reason, if the vessel has dished ends or cones, they should 
be made first (of course, within the code tolerances) and shells 
are made later to suit these heads and cones. 


4 MANUFACTURING PROCESSES 

The basic manufacturing process adopted for the fabrication 
of the vessel is forming. Forming is the process by which the 
size or shape of the part is changed by application of force that 
produces stresses in the part which are greater than the yield 
strength and less than the fracture strength. 

Depending on the temperature during fabrication, it is 
categorized as hot, warm, or cold forming. It is called hot work¬ 
ing when the temperature is above the recrystallization tem¬ 
perature of the material, warm working if the temperature is 
sufficiently above room temperature but below recrystalliza¬ 
tion temperature, and cold working when the temperature is 
very much below recrystallization temperature, for example, 
at room temperature. 

The manufacturing processes that fall under the forming 
operation specifically used in pressure vessel manufacturing 
are pressing, spinning, and bending. 
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4.1 Pressing 

Pressing is the process usually adopted when the size of the 
part to be made is comparatively small. Domes and pipe caps 
are usually made using this process mostly at room tempera¬ 
ture. In this process, the plate is gradually pressed to the re¬ 
quired shape by local pressing, covering the entire area of the 
blank progressively. The thickness of the plate, the radius of 
curvature to be made, the material used, the machine capac¬ 
ity, and the availability of the right die for the shape are the 
limiting factors to decide on the process of manufacture. As 
formation is effected in stages, it is comparatively a slow pro¬ 
cess, and the shapes thus produced can have local deforma¬ 
tions and hence the process calls for thorough inspection. In 
the case of cold pressing, due to the effect of work hardening, 
the chances for surface cracks on the outer surface is very high 
and hence calls for liquid penetrant testing (LPT) during ex¬ 
amination of the surface of the component. It may even be nec¬ 
essary to carry out a heat treatment in between the cold form¬ 
ing in cases where the effects due to work hardening are 
severe. This is decided based on the calculated extreme fiber 
elongation expected in the component when it is cold formed. 
In hot pressing, utmost care shall be taken to see that the 
heating, the maintenance of heat during the process, and the 
subsequent cooling shall be strictly as per the procedure, as 
they have great bearing on the grain structure of the material. 
The temperature, heating/cooling rate, etc., are decided based 
on the material specification of the component as well as the 
amount of forming required, as specified in the applicable 
code. 

4.2 Spinning 

This process is used for making a variety of dished ends, 
namely, torispherical, 2:1 ellipsoidal, toriconical, and hemi¬ 
spherical. The specific advantages with this process are that 
the dished ends are made without the use of dies and it is the 
fastest process for the manufacture of dished ends. 
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Initially a hole of about 20 mm diameter is made, prefera¬ 
bly by drilling, at the center of the blank, and the crown por¬ 
tion of the dish is formed using local pressing. Later it is 
loaded onto the spinning machine; then while spinning the 
partially formed blank, using adjustable guide rollers, the fi¬ 
nal shape is given. The movement of the guide roller shall be 
from the crown area progressing toward the straight flange 
through the knuckle area. As the blank is continuously spin¬ 
ning, the surface of the dished end shall be free from local de¬ 
formations. However, there could be spinning lines all along 
the formed surface, especially at the knuckle portion, being 
the area under maximum deformation. 

In this case also, based on the thickness of the blank, ma¬ 
chine capacity etc., the process is carried out either cold or hot. 
In case of hot spinning, precautions are to be taken as for hot 
pressing mentioned in Section 4.1. 

4.3 Bending 

This process is conventionally called rolling even though it is 
not rolling. Rolling is a process where a thickness reduction 
to a plate takes place, whereas in bending only a curvature is 
given to the plate and no thickness reduction is expected. 

The usual practice of bending is by passing the plate 
through either a three- or a five-roll plate bending machine of 
adequate capacity to bend the plate to the required diameter. 
The most commonly used bending machine in fabrication in¬ 
dustry is the three-roll plate bending machine. A schematic 
diagram of a three-roll plate bending machine is shown in Fig¬ 
ure 3.2. Prior to passing the complete length of the plate 
through the rollers, both edges of the plate are pressed to the 
required radius. This is called prepinging and is achieved by 
pressing the two power/drive rollers against the top idle roller 
and thereby bending the plate edge. 

Once both the edges are pressed to the correct radius, the 
complete length of the plate is passed through the rollers to 
impart curvature in steps. If the diameter is large and the 
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Figure 3.2 Schematic diagram of plate bending. 

thickness is comparatively less (say up to 10 mm), then the 
curvature can be given in one pass. Whereas if the thickness 
is high and the diameter is small, the full bending is to be 
carried out in stages. 

The profile of the plate is checked after bending using a 
template of required dimensions as highlighted in subsequent 
chapters of this book. 

5 MANUFACTURE 

5.1 General 

The manufacture referred to here pertains to individual com¬ 
ponents that form a pressure vessel. Even though this is dealt 
with in detail in this chapter, a few aspects are repeated again 
in Chapter 4 for the sake of completeness and in order to better 
appreciate the importance of the sequence of manufacture. 
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5.2 Material Identification 

For the manufacture of any component, the first step is to 
identify the material to be used for the job. For this the mate¬ 
rial test certificate of the intended material is essential. As 
all the raw materials have undergone incoming inspection at 
stores, it is presumed that detailed scrutiny was done at that 
point in time. However, verification as to the material specifi¬ 
cation and heat numbers stamped on the plate has to be car¬ 
ried out with respect to that given in the certificate and the 
specification in the drawing. If a few pressure parts are to be 
marked on the plate, say, dished end, cone, etc., then the iden¬ 
tification on the plate has to be transferred to all the small 
components as shown in the diagram. Sufficiently large scrap 
plates shall also be identified in the same way, along with the 
personal stamp of the inspector responsible for the work. A 
certificate to this effect also shall be made, preferably with 
sketches for future reference. The form to be used for this is 
shown in Figure 3.3; Figure 3.4 indicates the actual work. 

The mentioned identification shall be carried out for each 
and every pressure part of the vessel and, as far as possible, 
the material identification stamping shall be on the outside of 
the vessel so that they can be verified at any point of time in 
case of uninsulated vessels. The stamping on the vessel shall 
be carried out using low stress stamps. Hard punching shall 
be avoided. 

When stamping is done on components like dished ends, 
care shall be taken to see that the stamping is made on the 
crown portion where the deformation is minimal. Likewise, in 
the case of subassemblies that are subjected to cold work after 
identification, the stamping shall be on an area which is sub¬ 
ject to minimal cold work. 

5.3 Heads 

5.3.1 Flat Ends 

Flat ends are usually made by forging. In that case it is a 
bought out item and is to be subjected to raw material inspec¬ 
tion at the receiving end. 
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EMBLEM 


CERTIFICATE OF MATERIAL IDENTIFICATION AND 
TRANSFER OF IDENTIFICATION 


Order No. 


Sheet 

of 

Purchaser 


Attachment to 
Certificate No 


Description 


Date 


Drawing No 



| Part No(s). Marked I I I I I I I I I I I I I 


Original Identification Found 

Identification Transferred 
with Drawing No & Part No 




SKETCH OF PLATE 


i 


Number of scrap pieces identified 
(with approx, size & shape) 

Material Marked by 


Material Identified by 


Figure 3.3 Certificate of material identification and transfer of 
identification. 
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Figure 3.4 Plate marking and transfer of identification. 
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Semi-Ellipsoidal Dished Ends. This is the most com¬ 
monly used type of dished end in the pressure vessel industry. 
The inside depth of the dished end excluding the height of the 
straight face is one-half the inside radius of the dish and hence 
is called 2:1 ellipsoidal. 

Dished ends are manufactured by cold or hot pressing 
and in a combination process of pressing and spinning. Dished 
ends of comparatively smaller size and lower thickness, diam¬ 
eter up to around 700 mm with thickness over 10 mm, are 
made by either cold pressing or hot pressing, whereas all 
larger size dished ends are made by the combination process 
of both pressing and subsequent spinning. 

Hemispherical Dished Ends. Dished ends of this cate¬ 
gory are also produced in the same way as that of 2:1 ellipsoi¬ 
dal heads. 

It has already been mentioned that for spinning the 
dished end, a hole of approximately 20 to 30 mm in diameter 
has to be provided at the center of the blank for holding during 
spinning. In case any nozzles are to be attached at the center 
of the dished end, the opening is enlarged to fit the nozzle. If 
not, the hole has to be plugged, either by welding alone or by 
welding in a plug whose thickness will match the thickness of 
the dish at that place. In both cases, the hole is enlarged 
slightly to a maximum diameter of 60 mm as specified in UW 
34 (see Chapter 21, Section 1 of this volume) and then plugged 
using matching material with the V groove as shown in Figure 
3.5. A single V toward the inside of the dish is preferred when 
the thickness is below 16 mm. For larger thickness, an un¬ 
equal V of 2 h t and l h t with the major V from inside is best 
suited from the distortion point of view. 

Torispherical Dished Ends. This shape is also similar to 
that of 2:1 ellipsoidal. However, there is a difference in consid¬ 
eration at the design stage based on the L/r ratio which is not 
in the purview of this write up. As far as the manufacture is 
concerned, the methodology is one and the same as that of ei¬ 
ther hemispherical or 2:1 ellipsoidal heads. 
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Figure 3.5 Spin hole plugging details. 
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5.4 Shells 

5.4.1 Shells Made from Single Plate 

If the length of the plate is sufficient to accommodate the full 
circumference of the shell, this is the preferred condition be¬ 
cause the shell will have only one longitudinal seam. The plate 
is first cut to the required length and breadth and later on all 
four sides; a bevel is prepared as in the drawing. The square 
cutting and the bevel preparation is carried out by oxyacety- 
lene flame for carbon steel plates and by plasma-arc process 
for stainless and high alloy steels. The cut edges are then 
ground back to sound metal at least by 1 to 1.5 mm so that 
all the adversely affected material in the cut zone is removed. 
This will help in preventing the oxidized metal from going into 
the weld pool, thereby making the weld incompatible to the 
base metal. The dressed edges are then examined for defects 
like laminations and irregularity on the bevel due to incorrect 
cutting parameters. If laminations are found, they must be 
investigated in detail per applicable specifications. In the case 
of irregular cut edges, the irregularities shall be removed by 
buttering and subsequent dressing. However, the buttering 
shall be done only on a clean surface that is free from the re¬ 
mains of the oxyacetylene/plasma arc cutting. The plate is 
then prepinged at both ends first and then completely bent to 
the required diameter in a plate bending machine. Depending 
on the amount of curvature needed, the plate is passed 
through the roller a number of times, to achieve the curvature 
in stages so that any elongation to the plate will be negligible. 
The various parameters of the shell section, like the diameter, 
profile, out of roundness, etc., are checked and if found satis¬ 
factory, the shell is taken for longitudinal seam fit up. 


5.4.2 Shells Made from Multiple Plates 

If the length of plate is not sufficient for making the shell, two 
or more plates are joined together to obtain the required shell 
length. This joining is done in plate-to-plate fashion. As there 
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is a possibility for the squareness to be lost while joining, the 
plate shall be checked for squareness after the full shell length 
is marked on the joined plate, and if needed, correction by 
trimming is performed. 

The plate shall be bent only after completing the weld 
from both sides. The reinforcement shall be ground off to the 
parent metal level to facilitate the smooth bending of the plate 
in the machine. In case the seams are to be radiographed, it 
is to be done after bending. 

5.5 Cones or Reducers 

Cones are produced by two methods. When the bevel angle is 
comparatively small and the diameter is comparatively large, 
it can be made in a plate bending machine by independently 
adjusting the pressure rollers at both ends of the bending ma¬ 
chine. This work needs expert operators compared to shell 
bending. In some cases, the cone has to be made in one piece. 
This depends mainly on the available plate size, machine ca¬ 
pacity, etc. 

When the thickness of the cone is larger and the diameter 
is smaller, cones are made by pressing. The pressing is carried 
out using matching male and female dies either in full length 
or in pieces depending on the machine capacity. In both meth¬ 
ods, the manufacture of eccentric cones is much more difficult 
than concentric cones and hence they are made in two halves, 
provided the machine capacity permits. 


6 MEASUREMENT OF DIMENSIONS 

6.1 Flat Ends 

6.1.1 Dimensions to Be Checked 

The main dimensions that are to be checked are the diameter 
and thickness of the flat head. Being a flat surface, obviously 
the flatness also has to be checked. Apart from these, there is 
nothing else to be checked for a flat head. 
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6.1.2 Methodology 

Depending on the size of the head, the diameter of the head 
can be measured by a standard steel measuring tape and is 
to be taken at least at 0, 45, 90, and 135° (in four directions). 
The straightness can be checked using a straight edge and 
feeler gauge combination for diameters below 1000 mm. Be¬ 
yond this dimension, the use of a straight edge is not recom¬ 
mended due to unavailability of large straight edges. In that 
case the use of a stretched piano wire and taper gauge combi¬ 
nation as described herein is preferred. The piano wire has to 
be stretched over the surface of the flat head over standard 
blocks of known dimensions. Check the taper gauge reading 
between the stretched piano wire and the flat head at fixed 
intervals. The deviation in reading from the standard block 
thickness is the out-of-straightness. In addition to this, the 
thickness at various locations has to be checked by using a 
micrometer at accessible locations as well as by using a cali¬ 
brated ultrasonic thickness gauge. The dimensions mentioned 
shall be recorded in the dimension report that accompanies 
the head. Figure 3.6 depicts the methodology. 

6.2 Dished Ends 

6.2.1 Dimensions to Be Checked 

The following dimensions shall be recorded, as shown in Fig¬ 
ure 3.7. 

1. Actual inside diameter at a minimum of four loca¬ 
tions. 

2. Outside circumference at straight flange (SF) and 
thickness at SF from at least 12 locations. 

3. Depth of dish (inside) excluding SF and SF. 

4. Thickness reading at 100-mm spacing along four 
lines radiating from the center of the head to SF at 
0, 90, 180, and 270° marked on the outside surface 
at SF using an ultrasonic thickness gauge (UTG). 
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Figure 3.6 Dimensional check of flat heads. 


Whenever a UTG is used for measuring the thick¬ 
ness, the readings shall be furnished in the format 
depicted in Figure 3.8. 

6.2.2 Methodology 

Upon manufacture of a dished end as required in the specifi¬ 
cation, the inside diameter (ID) at four directions shall be re¬ 
corded using a measuring tape. Similarly, the outside circum¬ 
ference at the straight face also shall be recorded. The 
thickness at SF at various locations can be taken accurately 
using a micrometer. This can also be taken using the UTG 








Figure 3.7 Dimensional check 
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Figure 3.8 Ultrasonic thickness gauging report. 
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Figure 3.9 Overcrowning of dished ends. (Note: The overcrowning 
should be checked in at least four directions and the maximum value 
recorded.) 


but wherever possible, it is recommended to use a micrometer, 
which is very simple in operation. The overcrowning as well 
as the out-of-profile is checked by the use of a template (made 
per the design) and a taper gauge. Figure 3.9 may be referred 
to for details. 

6.3 Shells 

6.3.1 Dimensions to Be Recorded 

The following dimensions shall be recorded without fail: 

1. Outside circumference at both ends as well as at the 
center of the shell 

2. Inside or outside diameter (OD) at four angles on ei¬ 
ther side of the shell 

3. Straightness of the shell through center lines at 0, 
90, 180, and 270°C 

4. Length of shell at four center lines 

6.3.2 Methodology 

Bend the shell and tack weld the longitudinal seam as re¬ 
quired. In cases of thin shells with large diameter, provide spi- 





Manufacture of Components 


47 


ders (at least four numbers) to maintain the circularity. Mea¬ 
sure the circumference at both the edges and at the center of 
the shell by tightly stretching a steel measuring tape. 

The ID at four angles should be taken using steel tape 
after providing the stiffeners at both ends as shown in Figure 
3.10. 


Circumference lo he 



Figure 3.10 Dimensional check of shells. 
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Straightness of the shell is to be measured and recorded 
using a stretched piano wire over standard machined blocks 
of 10- or 20-mm thickness using a taper gauge. 

The length of the shell at four locations over the circum¬ 
ference is to be measured and recorded using steel measuring 
tape. 

The profile of the shell should be examined over the entire 
area, either inside or outside, using the template as specified 
in UG 29.2. The deviation from the designed profile shall be 
measured by inserting a taper gauge between the template 
and the shell. The templates can be either inside or outside, 
as shown in Figure 3.11A and B. 

6.4 Cones or Reducers 

6.4.1 Concentric 

Dimensions. The following dimensions shall be measured: 


1. Outside circumference at both the ends 

2. Inside or outside diameter at both ends 

3. Slant height of the cone at four diametrically opposite 
points 

4. Straightness of the cone in cases of larger slant height 
or when circumferencial seams are unavoidable 

5. Thickness at random points 

6. Profile at both ends 

7. Concentricity 

Methodology. Bend the cone and tack weld the longitu¬ 
dinal seams and put it on rotators so that it can be turned 
freely. Measure the outside circumference at both ends at the 
locations shown in Figure 3.12 in the farthest point possible 
by stretching the steel tape very tightly to the shell and main¬ 
taining the position of the tape exactly in one plane. Due to the 
configurational deviation at the edges due to edge preparation, 
there could be a little mismatch in the measured circumfer- 
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Figure 3.11 Templates: (A) inside; (B) outside. 

ence based on (ID + 2 1) n. However, this will be negligible com¬ 
pared to the fabrication tolerance provided in the code. 

Also measure the ID or OD at both ends at four angles, 
as done in the case of shells. 

The thickness of the cone can be taken at the edges using 
a micrometer. If there is no noticeable thickness reduction, 
then it need not be recorded. Otherwise it is to be plotted along 
four lines connecting the four center lines at both ends. 

6.4.2 Eccentric 

Dimensions. The following dimensions shall be measured: 

1. Outside circumference at both the ends 

2. Inside or outside diameter at both ends 
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3. 

Slant height of the cone 


4. 

Straightness of the cone in cases 

of larger slant 


height or when circumferencial seams are unavoid¬ 
able 

5. 

Thickness at random points 


6. 

Profile at both ends 


7. 

Eccentricity 



Methodology. Same as for concentric cones and re¬ 
ducers. 

7 INSPECTION 

7.1 Dished Ends 

1. Dimensions discussed in Sections 6.1.1 and 6.2.1 and 
subsequently recorded in the related certificate must 
be physically counterchecked in cases of bought-out 
items. 

2. Profile of the dished end all around shall be checked 
using a template, and local deformations need to be 
quantified, including overcrowning. 

3. If edge preparation is mentioned in the order, the 
LPT of the prepared edge shall be carried out. 

4. Visual inspection of the surface (especially the out¬ 
side) and LPT of the crown, knuckle radius portion, 
and the SF is to be carried out without fail. 

5. Thickness as recorded may be counterchecked. 

6. When dished ends are seam welded prior to forming, 
reports to all the specified tests (destructive and non¬ 
destructive) are to be verified for compliance. The tol¬ 
erance for the formed end shall be per UG 81 of ASME 
Section VIII Div (1) (see Chapter 21, Section 2 of this 
volume). 

7.2 Shells 

1. All dimensions mentioned in Section 6.3.1 must be 
verified. 
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2. Edge preparation must be inspected for its compli¬ 
ance to that specified in the drawing, such as the V 
configuration, angle of bevel, root face, root gap, and 
the uniformity of these aspects throughout the length 
of the seam. 

3. Check the profile with a template whose cord sub¬ 
tends an angle of at least 20° at the center. When the 
vessel is expected to take external pressure, the max¬ 
imum plus or minus deviation from the true circular 
form measured radially on the outside or inside cir¬ 
cumference shall not exceed the maximum value of e 
obtained from UG 80.1 (see Chapter 21, Section 3). 
Usee = 1.0/ ore = 0.2/, respectively, for points falling 
above and below the curves. The templates used for 
such measurement shall have dimensions as per UG 
29.2 (see Chapter 21, Section 4). This has to be car¬ 
ried out throughout the circumference as well as the 
length of the shell. 

For example, consider the case of a pressure ves¬ 
sel of tan to tan length 8000 mm, 2000 mm outside 
diameter, and thickness 20 mm. OD// = 2000/20 = 
100, and LI OD = 8000/2000 = 4. This corresponds 
to an approximate value of e = 0.75/ = 0.75 X 20 = 
15 mm. Similarly, for the size of the template, for OD/ 
t = 100 and L/OD = 4, the arc length of the tem¬ 
plate = 0.300 OD = 0.300 x 2000 = 600 mm. 

4. Check the difference between the maximum and min¬ 
imum ID and ensure this is less than 1% of the ID. 
When the cross-section passes through an opening or 
within one ID of the opening, the limit may be in¬ 
creased by 2% of ID of the opening, i.e., tolerance = 
1% of ID of the vessel + 2% of the ID of the opening. 
For vessels with longitudinal lap joints, the permissi¬ 
ble tolerance may be increased by the nominal thick¬ 
ness of the plate. 

5. Check the outside circumference and ensure that the 
same is within ±0.25% of the calculated outside cir- 
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cumference based on the actual thickness of the plate 
used. (This tolerance is taken from BS 5500, as there 
is no mention about it in ASME.) However, this limit 
is applicable only for the first component of the vessel, 
as the individual shells are expected to match each 
other. This restriction on tolerance due to other speci¬ 
fications is explained with the help of an example. 

The tolerance for alignment of shells is given in 
UW 33 of ASME Section VIII Div (1) (see Chapter 21, 
Section 5). According to this, for a shell thickness of 
10 mm (for category A, B, C, and D welds), the permit¬ 
ted mismatch between the shells is V* t = 2.5 mm. 
Assume the worst case, where there is 2.5 mm mis¬ 
match all around the circumference. In that case, the 
second shell can be larger or smaller in circumference 
by 571 = 15.70 mm. In other words, to meet the align¬ 
ment tolerance of the code, the maximum variation 
in circumference between shells is only ±15.70 mm. 
Because of this restriction, the maximum circumfer¬ 
ential tolerance of ±0.25% can only be availed by the 
manufacturer who makes the first component; usu¬ 
ally it will be for the dish. For the very same reason, 
it is recommended to begin work on shells only after 
the receipt of the dished ends. 

7.3 Cones or Reducers 

1. All dimensions as delineated in Section 6.4 shall be 
verified. 

2. Apart from these, the concentricity/eccentricity of the 
cone must be checked as follows: 

Step 1. Make a level base plate and draw the OD at 
the big end and the ID at the small end per 
the design on the base plate. 

Step 2. Put gusset plates all around the small end 
OD and place the cone inside exactly. 

Step 3. Drop plumb from the OD at the big end from 
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at least eight different points, namely, 0,45, 
90, 135, 180, 225, 270, and 315° after level¬ 
ing the big end using a spirit level. The 
plumb should coincide with the OD already 
marked on the base plate. If not, measure 
the maximum deviation from the designed 
shape and it should be well within that spec¬ 
ified in the code. 

Step 4. Check the entire outside surface of the cone 
for any local deformations or pressmarks. If 
seen, these shall be removed by grinding, 
and LPT may be carried out to rule out sur¬ 
face defects. 

Step 5. Check both top and bottom of the cone using 
templates of the required diameter for com¬ 
pliance. Deviation, if any, shall be recorded 
and must be within the tolerances specified 
as in the case of shells. 

7.4 Acceptance Norms 

For all shapes, objectionable flat areas are to be avoided. For 
shells under internal pressure, the shell shall be substantially 
round. Further, the difference between maximum and mini¬ 
mum ID shall be as mentioned in Section 7.2. 


8 DESTRUCTIVE AND NONDESTRUCTIVE 
TESTING REQUIREMENTS 

8.1 General 

Destructive and nondestructive testing (DT and NDT) re¬ 
quirements are framed based on the code requirements and 
also on the basis of specific requirements for the project. Usu¬ 
ally this will be consolidated in the drawing by the design de¬ 
partment as well as by the planning department in their work 
order released to the production. For carrying out the DT/ 
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NDT, the relevant sections of ASME Sections VIII and V are 
to be followed as needed and must be closely monitored by the 
QAC department. 

8.2 Destructive Testing 

The usual destructive testing envisaged by the code is impact 
testing. As far as this book is concerned, we will focus on the 
methodology of these tests. A minimum of three tests shall be 
performed and the average value may be considered for accep¬ 
tance. These tests are to be carried out on specimens taken 
from weld, heat-affected zone (HAZ), and base metal. The tem¬ 
perature at which the test shall be carried out shall be given 
in the drawing and a suitable bath may used to generate the 
required temperature. Up to — 50°C, dry ice is very effective. 
As there is no positive record of these tests, it shall be done 
in the presence of the concerned engineer or the third party 
inspector as needed. 

As far as possible, the test may be carried out using stan¬ 
dard specimens of 10 mm X 10 mm cross-section. Smaller 
specimens may be used only when the thickness of the welded 
part is below 10 mm. The acceptance of these test results shall 
be as described in UG 84. In the case of alloy steel materials, 
the applicable section is UHA 51. 

8.3 Nondestructive Testing 

The most commonly deployed method of NDT in manufacture 
of pressure vessel is radiographic testing (RT); the rest of the 
methods put together form only a minor segment of total NDT. 
There are only three categories of NDT requirement, namely, 
full, spot, and nil. This decision basically depends on the ser¬ 
vice, thickness, and joint efficiency used in the design. There¬ 
fore, by the time the drawing is prepared and accepted, the 
category will be decided. For implementation procedures, refer 
to UW 11, UW 50, UW 51, and UW 52 (see Chapter 21, Sec¬ 
tions 6-9). 
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The gist of the stated clauses is as follows: 

1. For full RT, all butt welds in shell and head have to 
be fully radiographed. 

2. Circumferential seam welds on nozzles below 10 in. 
need not be radiographed if the thickness of the noz¬ 
zle is less than lVs in. 

3. For spot RT, one spot on each vessel is tested for each 
50-ft increment of the weld or fraction thereof. For 
nozzles the very same condition for full radiography 
shall apply. 

4. The acceptance criteria for all radiographs shall be 
per UW 51 and UW 52 for linear defects and Appen¬ 
dix 4 for rounded indications [Appendix 4 of ASME 
Section VIII Div (1) (see Chapter 21, Section 10)]. 

From the applicable specification UW 11, ultrasonic examina¬ 
tion carried out in accordance with UW 53, (see Chapter 21, 
Section 11) may be substituted for radiography for the final 
closure seam of a pressure vessel if the construction of the ves¬ 
sel does not permit interpretable radiographs. The technique 
adopted shall be in accordance with Appendix 12 of ASME Sec¬ 
tion VIII Div (1) (see Chapter 21, Section 12). For acceptance 
criteria also, the same section shall be referred to. 

For other NDT methods like MPT and LPT, the applica¬ 
ble sections are UG 93 and UHT 57 respectively. For both 
these NDT methods, the basic requirements on methodology 
evaluation and acceptance shall be per Appendices 6 and 8 
of ASME Section VIII Div (1), respectively (see Chapter 21, 
Sections 13 and 14). 

8.4 Records 

For all DT, reports must be generated and countersigned by 
all the parties who witness the test. If required by the client, 
the DT will consist of all weld tensile, transverse tensile, and 
bend tests; charpy or izod impact hardness test; and macro- 
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2 All Weld Metal Tensile Test 
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3 Guided Face Bend Test 
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4 Guided Root Bend Test 
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Figure 3.13 Mechanical test report. 
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5 Guided Side Bend Test 



8 Hardness Test 



Figure 3.13 Continued 


examination. In almost all the cases the requirement will be 
only for impact testing at a low temperature. A typical format 
for this purpose is given in Figure 3.13. 

Similarly every RT taken under a particular technique is 
to be recorded in a report form (Figures 3.14 and 3.15) along 
with the findings. These will be reviewed by a qualified and 
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Figure 3.14 Radiographic examination report. 
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Figure 3.15 Annexure to radiographic examination report. 
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Figure 3.16 Ultrasonic examination report. 
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ULTRASONIC EXAMINATION REPORT- ANNEXURE 



Figure 3.17 Annexure to ultrasonic examination report. 
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Figure 3.18 Magnetic particle examination report. 
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Figure 3.19 Liquid penetrant examination report. 
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trained person according to the acceptance criteria, which 
again will be recorded in the report and will form a part of the 
final QAC documentation pertaining to the vessel. 

As mentioned in the case of RT, every other nondestruc¬ 
tive test (namely, UT, MPT, and LPT) shall be recorded prop¬ 
erly for future reference. These reports shall contain all sa¬ 
lient aspects of the technique used in the NDT so that in future 
if this is repeated under the same parameters, the results can 
be compared, especially in the case of UT. The formats devel¬ 
oped for this purpose are found in Figures 3.16 and 3.17 for 
UT, Figure 3.18 for MPT, and Figure 3.19 for LPT. 









4 

Manufacture of Vessel 


1 GENERAL 

In this chapter, the topics are arranged according to the se¬ 
quence of manufacture of a pressure vessel under the follow¬ 
ing assumptions. 

1. The dished ends and cones are bought from outside 
with the material supplied by the vendor under 
proper certification. 

2. All plates and piping materials, including but not 
limited to pipes, elbows, flanges, studs/bolts and 
nuts, gaskets, etc., are bought-out items from reputed 
vendors with proper certification. 
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2 RAW MATERIALS INSPECTION 

2.1 General 

All raw materials for the manufacture of a pressure vessel are 
ordered from reputed vendors, and the supply shall be accom¬ 
panied by proper certification. Upon receipt of the material at 
the stores, the quality assurance and control (QAC) depart¬ 
ment will be informed through their intimation note, as in Fig¬ 
ure 4.1. In the meantime, the procurement department will 
forward the relevant documents pertaining to the received 
item to QAC to facilitate the inspection with a copy of the inti¬ 
mation marked to the planning department for information 
processing. Until inspection is carried out, the raw materials 
are kept in the incoming material inspection bay of the stores 
for all materials other than plates and pipes, which are stored 
separately in the open yard attached to the stores. 

Those items having undergone inspection will have either 
a green, yellow, or red sticker or tag with the initials of the 
inspection engineer and the date of inspection as shown in Fig¬ 
ure 4.2. Green indicates accepted material, yellow is for items 
under hold, and red marks rejected items. 

Items under hold need clarifications from other depart¬ 
ments as to their acceptability, when a discrepancy in supply 
is observed. This is intimated to the concerned department 
(planning/procurement/design) in detail by an inspection 
note, as in Figure 4.3. The matter is to be resolved by the con¬ 
cerned department(s), and if the item is to be accepted QAC 
should be notified. Until such time, the item will be under hold 
in an area designated for the purpose. 

All accepted materials will have a green sticker implying 
that they meet all the requirements mentioned in the pur¬ 
chase order (PO) as well as the applicable codes and items- 
supplied tally with the certificates furnished by the vendor. 

Those items that do not meet the PO or code require¬ 
ments shall be rejected and are given a red sticker. The rea¬ 
sons for the rejection are given in the inspection note to be 
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EMBLEM 


INTIMATION OF MATERIAL RECIEPT 


Purchase 
Order No. 


Date 


Vendor 


Date of Receipt 



DETAILS OF ITEMS RECEIVED 


SI.No. 

Tag No. 

Description 





Location: 

Store Keeper in Charge: 

Status of MTC: Received/ not received 


Signature of Stores Officer: 

Routing:- 
Manager (QAC) 

O/C I Master File 
O/C 2 PO File 


Cc: Asst. Manager(Purchase) 

Manager! Planning) 
Manager! Production) 


Figure 4.1 Intimation of material receipt. 














70 


Chapter 4 





Figure 4.2 Stamps: (A) accepted; (B) hold; (C) rejected. 
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EMBLEM 


STORES INSPECTION REPORT 


Purchase 
Order No. 


Date 


Vendor 





DETAILS OF ITEMS INSPECTED 


SI .No. 

Tag No. 

Description 

Remarks 






In case the items are on hold, please indicate the clarifications needed: 


In case the items are rejected, please indicate the reasons: 


Signature of Inspection Engineer 
Routing:- 

Asst. Manager (Purchase) 

Cc: Manager (Planning) O/C I Master File 

Manager (Design & Drawing) O/C 2 PO File 

Manager (Production) 


Figure 4.3 Stores inspection report. 
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communicated to the vendor by the procurement department, 
and at the same time the material will be returned to the ven¬ 
dor by the stores department. The procurement department 
in the meantime must initiate alternative procurement action 
on a priority basis. 

2.2 Dished Ends 

Each dish shall be identified against its certificate. A sample 
certificate for dished end is enclosed as Figure 4.4. Later, the 
outside circumference, inside diameter (ID) at four locations, 
thickness at straight flange (SF), and inside depth are mea¬ 
sured and cross-checked with the measurements given in the 
certificate. Further, the heat number and identifications certi¬ 
fied by the third party inspector at the manufacturer’s end are 
also verified. If these are all in order, the physical verification 
part of inspection is over. The certificate is then verified for 
material specification, types of tests, heat treatment, etc. 
When all these parameters are verified per the PO and appli¬ 
cable codes, the item is accepted. 

2.3 Plates/Pipes 

Measure the possible physical dimensions, especially the 
thickness. Correlate the identification found on these items 
with the certificate furnished. If these are in order, the certifi¬ 
cate is verified against code and PO requirements. If these are 
also in order, the items can be accepted. Sample certificates 
for plates and pipes are shown in Figures 4.5 and 4.6, respec¬ 
tively. 

2.4 Pipe Fittings/Flanges 

Record all possible dimensions and verify against those given 
in the applicable standards. Cross-check the identification 
found on the items to that given in the certificate. Verify cer- 
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MANUFACTURER'S 


CLIENT 


INSPECTION 

AUTHORITY 

LLOYDS REGISTER 

PURCHASE 

ORDER 


CERTIFICATE 

NUMBER 



ARTICLE 

MATERIAL OF HEAD 
ACCORDING TO 
STATE OF DELIVERY 

MARKING ON THE HEADS 


2:1 ELLIPSOIDAL HEADS 
SA515-GR70 

ASME Section VIII Div (1)1989 + Add90 
COLD PRESSED AND SPUN HEADS 
NORMALIZED AFTER FORMING 
SPECIFICATION, GRADE, HEAT NO., 
PLATE NO, HEAD NO & INSPECTOR S 


INSPECTORS STAMP 


STAMP 


cpKte 



SI. 

No. 

Description 

Dimension 

Required 

(mm) 

Dimension Measured 

Remarks 

D1 

(mm) 

D2 

(mm) 

D3 

(mm) 

D4 

(mm) 

1 

I/S Diameter 

1600 

IMIS 


m3 

1602 


2 

Crown radius 

1300 






3 

Inside Depth 

466 

mm 

mm 




4 

S F Thickness 

20.0 

HlkM 


■'lira 

21.4 


5 

Knuckle Thickness 

15.75 

ir.m 

Til 

TIM 

16.8 


6 

SF 

60 

63 

65 

64 

65 


7 

KR 

250 






8 

Overcrowning 

20.0 

8 

10 

11 

9 


9 

O/S Circumference 

5154 



o 

Inside Surface 

Satisfactory 

m 


Satisfactory 

m 

D P Test 

Satisfactory 

o 

Profile 


mzm 

Heat Treatment 

Normalizing after formation 

15 


N/A 

16 

Coupon Plate Testing 

N/A 


QA/QC Manager 


Figure 4.4 Sample certificate of heads. 
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MANUFACTURER'S 

ADDRESS 


EMBLEM 


CLIENT 


INSPECTION 

AUTHORITY 


LLOYDS REGISTER 


PURCHASE 

ORDER 


CERTIFICATE 

NUMBER 


ARTICLE 
MATERIAL 
ACCORDING TO 
STATE OF DELIVERY 


PLATES 

SA 240-316L/S 31603 

ASME II A Ed92 + Add94 

SOLUTION ANNEALED AT 1050/1100°C 


MELTING PROCESS 
MARKING 


E 

TRADE MARK-GRADE-HEAT NR- 
PLATE NR-INSPECTOR'S STAMP 


BRAND OF MANUFACTURER 



INSPECTORS STAMP 


Extent of Material delivery 


Marking 

Number 

Description 



Test No. 

Weight(kg) 



4600x1550x10.0 

211268/1-2 

51051 

211268 

1141 



8050x1550x10.0 

211268/3-3 

51051 

211268 

998 

13-13 


5000x1500x22.0 

213282/1-1 

51051 

213282 

1320 

8-4 


5450x1930x12.0 

213283/1-1 

51051 

213283 

1010 

9-5 

mm 

4400x1930x12.0 

213283/2-2 

51051 

213283 

815 

Total 

6 





5283 


We hereby certify that the above mentioned products are consistent with the order prescriptions 


Date Quality Control manager Mill Inspector 


Figure 4.5 Sample certificate of plate. 
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CHEMICAL ANALYSIS 


CHEMICAL COMPOSITION % 

HEAT i 

I-1-1-1-1-1-r 


— 

c 

Mn 

P 

S 

Si 

Ni 

Cr 

Mo 

N 


1.771 

0.035 

0.0025 

0.490 

10.309 

16.546 

2.067 

0.0289 


MECHANICAL TESTS 


Ep(mm) 


SAMPLE 

TYPE 

T°C 

ETAT 

MPa 







Rp 

Rp 

Rm/ 

A150% 







0.2% 

1% 

UTS 


10.00 

nrn 

211267 

140 

20 

0 


mm 


79 

22.00 

IlMl 

213282 

140 

20 

0 


KSfl 


82 

12.00 

51051 

213283 

140 

20 

0 


296 

543 

88 







HB30 

HB30 

HB30 


10.00 

nr 7i 

211267 


E*9 

n 

unm 

n 

166 

164 

22.00 

11 ~n 

213282 


o 

Kjj 

Hal 

la 

145 

147 

12.00 

51051 

213283 


1*1 

WM 

WfiM 


154 

152 


TYPE 

140 

TYPE 

410 

ETAT 

O 


TRANSVERSE TENSILE TEST 
BRINNEL HARDNESS 3000kg 
DELIVERY CONDITION 


This certificate contains Iwo pages only 


I Results of Surface Examination & D imensions: SATISFACTORY 


Date 


Quality Control manager 


Mill Inspector 


Figure 4.5 Continued 
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MANUFACTURERS 

ADDRESS 


EMBLEM 


CLIENT 


INSPECTION 

AUTHORITY 

LLOYDS REGISTER 

PURCHASE 

ORDER 


CERTIFICATE 

NUMBER 



ARTICLE 
MATERIAL 
ACCORDING TO 


STATE OF DELIVERY 


MELTING PROCESS 
MARKING 


BRAND OF MANUFACTURER 
INSPECTORS STAMP 


HIGH ALLOY TUBES-COLD FINISHED 
SA 312 TP316L 
ASME II A Ed 1989 + Add90 IN 
CONNECTION WITH NACE STANDARD 
MR-01-75 Rev 90 Section 3.5 
SOLUTION ANNEALED AT 1050/1100°C- 
FREE FROM SCALES-ENDS PLAIN- 
SQUARE CUT TO TUBE AXIS-DEBURRED- 
TOLERANCE ACCORDING TO A STM A 
530M-91A-IN RANDOM MILL LENGTH 
5000 TO 7000mm 
E 

TRADE MARK-GRADE-HEAT NR- 
INSPECTOR'S STAMP 



Extent of Material delivery 


Marking 

Number 

Description 

Heat No. 



Weight(kg) 

91042 

48 

1"NB Sch80 
33.4 mm OD x 
4.55 mm W/T 

91042 

324.59 

- 

1076 

Total 

48 





1076 


We hereby certify that the above mentioned products are consistent with the order prescriptions 


Date 


Quality Control manager 


Mill Inspector 


Figure 4.6 Sample certificate of pipe. 
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CHEMICAL ANALYSIS 





CHEMICAL COMPOSITION % 



EAT 

C 

Mn 

P 

S 

Si 

Ni 

Cr 

Mo 

N 

91042 

0.015 

1.720 

0.024 

0.0020 

0.370 

12.250 

16.740 

2.350 

0.0289 


MECHANICAL TESTS 


HEAT 

NUMBER 

TP 

DIRECTION 

YIELD 

STRENGTH 

TENSILE 

STRENGTH 

ELONGATION 

91042 

Longitudinal 

264N/'sqmm 

599N/sqmm 

44% 


OTHER TEST RESULTS 
Heat Treatment 
Hydrostatic Test 
Flattening Test 

Visual & Dimensional Inspection 

Material identification Test of all 

tubes by Spectroscopic Analysis 

Inter Granular Corrosion Test According to 

A STM A262 Practice E 

HRC Maximum 22 according to 

NACE MR-01-75 


As per specification 
at 170 Bar—Satisfactory 
Satisfactory 
Satisfactory 

Satisfactory 

Satisfactory 

No Objection 


The products have been tested in accordance with the purchase specifications and are found to be 
satisfactory. _ 


Date Quality Control Manager Mill Inspector 

Figure 4.6 Continued 

tificate against PO and code requirements. Sample certificates 
for pipe fittings and flanges are as shown in Figures 4.7 and 
4.8. 


2.5 Fasteners and Gaskets 

Select random samples and subject them to a dimensional 
check. Correlate certificates to the identification given to the 
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MANUFACTURER’S 

ADDRESS 


EMBLEM 


CLIENT 

1- 

INSPECTION 

AUTHORITY 

LLOYDS REGISTER 

PURCHASE 

ORDER 


CERTIFICATE 

NUMBER 



| Item 
No 

Description 

Qty 

Material 

Lot No | Item 
status 

Mfr. 

Process 

Dimcnsi 
onal Std. 

3 

2" Sch 80 90° LR 
Elbow 

01 

SA403 Gr WP 
316L 1992( A93) 

6E03/S- 

715 



ANSI 

B 16.9 


CHEMICAL PROPERTIES 




CHEMICAL COMPOSITION 



C 

Si 

Mn 

S 

P 

mm 

mm 

Mo 

V 

Nb 

Cu 

6E0 

MTC 

0.01 

0.27 

1.49 

0.02 


16.4 

12.0 

2.19 




3/S- 


6 

0 


6 

0 

5 

5 





715 














Chk. 

0.01 

0.30 

1.44 



16.4 

11.9 

2.21 





Test 

9 

0 


5 

6 

0 

8 






MECHANICAL PROPERTIES 


Heat 

Lot 

TENSILE TEST 

BHN 

HEAT TREATMENT 



%RA 

%EL 


6E0 

3/S- 

715 

■ 

■ 

532.88 

64.18 



Solution Annealed at 
1090°C 


Figure 4.7 Sample certificate of pipe fittings. 
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OTHER TESTS 


Ultrasonic Test 

N/A 

Magnetic particle Test 

N/A 

Dye Penetrant test 

N/A 

Bend test 

N/A 


IMPACT TEST RESULTS 


Lot 


Temp 

Absorbed Energy(kK-m) 

cn ! 

1 (2) 




_ 







MELTING PROCESS E 

MARKING TRADE MARK-GRADE-HEAT NR- 

INSPECTOR'S STAMP 


Materia] as per ASME Section U Part A 1992 inclusive of addenda 1993 
PHYSICAL TESTS WITNESSED BY 

MANUFACTURERS DECLARED CHEMICAL ANALYSIS VERIFIED AGAINST 
SPECIFICATION REQUIREMENTS 


BRAND OF MANUFACTURER 
INSPECTORS STAMP [PGn!]^ 



The products have been tested in accordance with the purchase specifications and are found to be 
satisfactory. 


Dale 


Quality Control manager 


Mill Inspector 


Figure 4.7 Continued 
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MANUFACTURER'S 

ADDRESS 


EMBLEM 


CLIENT 


I INSPECTION 
| AUTHORITY 

LLOYDS REGISTER 

PURCHASE 

ORDER 


CERTIFICATE 

NUMBER 



Item 

No 

Description 

Qty 

Material 

Lot No 

Item 

status 

Mfr. 

Process 

Dimensi 
onal Std. 

3 

2” Sch 80 WNRF 
#150 

1 

SA 105 

J-616 

C 


ANSI 

B 16.5 


CHEMICAL PROPERTIES 


Heat 

Lot 1 

CHEMICAL COMPOSITION 



lcJ 

mm 

EM 

S 

P 

Cr j 

1 Ni | 

El 

V 

Nb 

Cu ' 

601 

J6I6 

ESI 

0.25 

0.83 

0.02 

0.02 

0.02 



< 





BN 

0 

0 

3 

1 

0 



0.02 




MECHANICAL PROPERTIES 


Heat 

Lot 

TENSILE TEST 

BHN 

HEAT TREATMENT 



YP 

UTS 

%RA 

%£L 





MPa 

MPa 





601 

J616 

340.80 

532.88 

64.18 

30.00 

156 

N-900»C 


OTHER TESTS 


1 Ultrasonic Test 

[N/A 

ii'iii ini' mill ■ 


Dve Penetrant test 

IN/A 

Bend test 



Figure 4.8 Sample certificate of flanges. 
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IMPACT TEST RESULTS 


Lot 

Test 

Method 


Absorbed Energv(ka-m) 

(1) 

(2) 

(3) 










MELTING PROCESS E 

MARKING TRADE MARK-GRADE-HEAT NR- 

INSPECTOR S STAMP 

Material as per ASME Section II Part A 1992 inclusive of addenda 1993 

PHYSICAL TESTS WITNESSED BY 

MANUFACTURERS DECLARED CHEMICAL ANALYSIS VERIFIED AGAINST 
SPECIFICATION REQUIREMENTS 


BRAND OF MANUFACTURER 


INSPECTORS STAMP 



The products have been tested in accordance with the purchase specifications and arc found to be 
satisfactory. 


Date Quality Control manager Mill Inspector 

Figure 4.8 Continued 

lot. Then check the certificates for compliance to PO and code 
requirements. A sample certificate for fasteners is shown in 
Figure 4.9 and one for gaskets is shown in Figure 4.10. 

2.6 Ready-Made Cans 

Identify the shell and correlate it to the certificate. Measure 
the outside circumference at both ends, the length of the shell, 
as well as its thickness at a few locations, as mentioned in 
Chapter 3, Section 7.2. These are to be cross-checked with 
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MANUFACTURER’S 

ADDRESS 


EMBLEM 


CLIENT 


INSPECTION 

AUTHORITY 

LLOYDS REGISTER 

PURCHASE 

ORDER 


CERTIFICATE 

NUMBER 



Item 

No 



Material 

Lot No 

Item 

status 

3 

1 l/4-UNCx 175mm 

80 

Stud SA 193 Gr B7 

L625 

C 

4 

1 1/4" UNC (H=D) 

160 

NutSA 194 Gr 2H 

MS32 

C 

21 

1/2" UNC x 70mm 

86 

Stud SA 193 Gr B7 

L536 

C 

22 

1/2" UNC(H-D) 

176 

Nut SA 194 Gr2H 

M504 

C 


CHEMICAL PROPERTIES 


Heat 

Lot 

CHEMICAL COMPOSITION 

C 

Si 

Mu 

S 

P 

Cr 

Ni 

Mo 

L625 


0.360 

0.240 

0.650 

0.019 

0.018 

1.020 



MS32 


0.370 

0.250 

0.620 

0.020 

0.017 

1.021 



L536 


0.360 

0.235 

0.700 

0.021 

0.018 

1.020 



M504 



0.235 

0.720 

0.020 

0.018 

1.021 




MECHANICAL PROPERTIES 


Heat 

Yield Stress 
kg/sqmm 

UTS 

| kg/sqmm 

Elongation 

% 

Reduction in 
Area % 

Heat Treatment 


101.56 

■nrrjgH 

21.23 

53.42 

| Studs quenched at 

■ •' ■ 

103.45 

, 

mSm 

22.34 

54.12 

860°C & tempered 

at 650°C 


Figure 4.9 Sample certificate of fasteners. 
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Heat 

Proof Load Applied 

Kg 

Hardness 

HRC 

Heat treatment 

MS32 

18060 


Nuts quenched at 860°C & tempered 

M504 

26500 

Mali 

at 650°C 


OTHER TESTS 


Ultrasonic Test 

N/A 


N/A 


N/A 

Bend test 

N/A 


IMPACT TEST RESULTS 


Lot 

Test 

Method 

Temp 

Absorbed Energy(kg-m) 

c» 

| (2) 1 (3) 






| ] 



MELTING PROCESS E 

MARKING B7 and 2H respectively on studs and nuts 

Material as per ASME Section II Part A 1992 inclusive of addenda 1993 
PHYSICAL TESTS WITNESSED BY 

MANUFACTURER'S DECLARED CHEMICAL ANALYSIS VERIFIED AGAINST 
SPECIFICATION REQUIREMENTS 


The products have been tested in accordance with the purchase specifications and are found to be 
satisfactory. 


Date 


Quality Control manager 


Mill Inspector 


Figure 4.9 Continued 
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MANUFACTURER'S 

ADDRESS 


EMBLEM 


CLIENT 


INSPECTION 

AUTHORITY 

LLOYDS REGISTER 

PURCHASE 

ORDER 


CERTIFICATE 

NUMBER 



GASKETS 


Item 

No 

Description 

Size 

Rating 

Quantity 

Item 

status 

1 


24" 

600Psi 

02 

c 

3 

Monel Spiral wound 

8" 

600Psi 

04 

c 

4 


6" 

!50Psi 

03 

c 


CHEMICAL PROPERTIES 


Heat 

Lot 

CHEMICAL COMPOSITION 

C 

Si 

Mn 

S 

Cu 

Ni 

Ke 


Monel 

0.2mm 


0.0360 

0.045 

0.980 

o.ooto 

32.400 

64.400 

1.500 



The material confirms to SB 127-61 as far as the chemical composition is concerned. 

OTHER TESTS 

Visual and dimensional inspection carried out and found satisfactory. 

Compressibility, scalability and recovery tests carried out on sample/equivalent gaskets and found 
satisfactory. 


i The products have been tested in accordance with the purchase specifications and are found to be 
satisfactory. 


Date Quality Control manager Mill Inspector 

Figure 4.10 Sample certificate of gaskets. 
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Customer 


Inspected by 

LLOYDS 

Ref.No. 

XXX 

Description 

Monel spiral wound asbestos filled gaskets 

Size 

24"NB 

Rating 

#600 

Initial gasket thickness 

0.194" 

Equivalent gasket size 

5.75” x 3.5” 

Equivalent test load 

I34.77T 

COMPRESSION TEST 


Test load 

134.77T 

Thickness after compression 

0.130- 

Thickness after release of load 

0.160" 

RecoverylMin 0.010”) 

0.030” 

Dial Gauge deflection at eqt.test load 

70(Average of 4 readings) 

SEALABIUTY TEST 


Test medium 

Dry Nitrogen 

Test pressure 

128 kg/sqcm 

Test temperature 

Ambient 

Duration 

3minutes 

Result 

Satisfactory 

Engineer in Charge 



Figure 4.10 Continued 


those given in the certificates. Further, if nondestructive test¬ 
ing is involved, its compliance and acceptability are also to be 
verified from the certificate. A sample certificate for rolled 
cans is as shown in Figure 4.11. 

2.7 Cones 

Identify the cone to a particular certificate by identifying the 
actual stamping details on the plates, and check measure¬ 
ments as in Chapter 3, Sections 6.4 and 7.3. Cross-check those 
dimensions to these given in the certificate. Subsequently ver¬ 
ify the certificate for compliance to PO and code requirements. 
A sample certificate is shown in Figure 4.12. 
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MANUFACTURER'S 

ADDRESS 


EMBLEM 


CLIENT 


PURCHSE 

ORDER _ 

ART1CI F 

MATERIAL OF SHELL 
ACCORDING TO 
STATE OF DELIVERY 


MARKING ON THE SHELL 


INSPECTION 

AUTHORITY 


LLOYDS REGISTER 


CERTIFICATE 

NUMBER _ 

ROLLED STEEL CANS 
SA312TP316L 

ASME Section VIII Div(l)1989 + Add90 
CAN WITH LONGITUDINAL SEAM 
WELDED & NDT SATISFACTORILY 
COMPLETED 

SPECIFICATION, GRADE, HEAT NO., 
PLATE NO & INSPECTOR’S STAMP + 
WELD SEAM IDENTIFICATION NEAR 
EACH SEAM 


INSPECTORS STAMP 




SKETCH OF SHELL 


0 ° 


Diameter 


180° 
■ 4 — 


Length 


Required Dimensions 


DIMENSIONS 



Shell 

Position 


i j|p 


Identification 

Identification 




Shell No. 1A 

0-180° 

2505 

2500 

+3 

Shell No. 1A 

45-225° 

2503 

2501 

+ 2 


Figure 4,11 Sample certificate of shells. 
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Shell No.) A 

90-270° 

2495 

2499 

+4 

Shell No. 1A 

135-315' 

2502 

2500 

+3 


Outside circumference 1 
(RHS) 

rdisfl 


Diameter 

RHS 

LHS 

0—180° 


0—180° 


45—225° 


45—225° 


90—270° 


90—270° 


135—315° 


135—315° 




Average thickness at 
LHS 



OTHER TEST RESULTS 
Non-Destructive Testing 
Radiography 
Ultrasonic 
Magnetic Particle 
Liquid Penetrant 
Heat Treatment 
Hydrostatic Test 

Visual & Dimensional Inspection 

Inter Granular Corrosion Test According to 

ASTM A262 Practice E 

HRC Maximum 22 according to 

NACE MR-01-75 


ENCLOSURES 


100% (Satisfactory) 

Nil 

Nil 

After back gouging/grinding (Satisfactory) 

As per specification 

Nil 

Satisfactory 
Satisfactory 
Below 20 


1) Material test certificate of the plate 

2) NDT reports 

3) Other test reports 


The products have been tested in accordance with the purchase specifications and arc found to be 
satisfactory. ___ 


Date 


Quality Control Manager 


Mill Inspector 


Figure 4.11 Continued 
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MANUFACTURER’S 

ADDRESS 



EMBLEM 


CLIENT 


INSPECTION 

AUTHORITY 

LLOYDS REGISTER 

PURCHSE 
ORDER 1 


CERTIFICATE 

NUMBER 



ARTICLE 

MATERIAL OF SHELL 
ACCORDING TO 
STATE OF DELIVERY 


MARKING ON THE SHELL 


INSPECTORS STAMP 


ROLLED STEEL CONES 
SA 312TP3I6L 

ASME Section VIII Div(l)1989 + Add90 
CONE WITH LONGITUDINAL SEAM 
WELDED & NDT SATISFACTORILY 
COMPLETED 

SPECIFICATION, GRADE, HEAT NO., 
PLATE NO & INSPECTOR’S STAMP + 
WELD SEAM IDENTIFICATION NEAR 
EACH SEAM 

cpfta® 


SKETCH OF CONE 



DIMENSIONS 


Cone 

Identification 

Position 

Identification 


■BHi 


Cone No.lA 

0-180° 

250S/I802 

2500 

+3 

Cone No.lA 

45-225° 

2503/1803 

2501 

+2 


Figure 4.12 Sample certificate of cones. 
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Cone No.lA 

90-270° 

2495/1800 

2499 

+4 

Cone No.lA 

135-315° 

2502/1801 

2500 

+3 






Diameter 

RHS 

LHS 

0—180° 


0—180° 


E5 


45—225° 


90—270° 


90—270° 


135—315° 


135—315° 


Average thickness at 
RHS 


Average thickness at 
LHS 



OTHER TEST RESULTS 
Non-Destructive Testing 
Radiography 
Ultrasonic 
Magnetic Particle 
Liquid Penetrant 
Heat Treatment 
Hydrostatic Test 

Visual & Dimensional Inspection 

Inter Granular Corrosion Test According to 

ASTM A262 Practice E 

HRC Maximum 22 according to 

NACE MR-01-75 


ENCLOSURES 


100% (Satisfactory) 

Nil 

Nil 

After back gouging/grinding (Satisfactory) 

As per specification 

Nil 

Satisfactory 
Satisfactory 
Below 20 


1) Material test certificate of the plate 

2) NDT reports 

3) Other test reports 


The products have been tested in accordance with the purchase specifications and arc found to be 
satisfactory._ 


Date 


Quality Control Manager 


Mill Inspector 


Figure 4.12 Continued 
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3 MARKING OF SHELLS TO SUIT HEADS 
AND IDENTIFICATION 

This section applies when inside diameter of the shell and dish 
matches. Take the outside circumference of the dish at 
straight flange (SF). Measure thickness of the head at SF from 
at least 12 points and take the average. Calculate the average 
ID of the dished end. Take the actual thickness of the shell 
plate. Find the mean diameter of the shell by adding the mea¬ 
sured thickness to the calculated ID of the dished end. Based 
on this, find the mean circumference of the shell. A sample 
calculation follows: 

Required ID = 2500 mm (assuming that the ID of the 
shell and dish match) 

Thickness at SF = 20 mm (per requirement) 

Average thickness at SF taken at 12 points (actual) = 
21.2 mm 

Measured outside circumference of the dish at SF (ac¬ 
tual) = 8000 mm 

Calculated ID of dish = - 2 x 21.2 = 2504.07 mm 

K 

~ 2504 mm 

Let the shell thickness required be 16 mm and the actual be 
16.5 mm. The calculated mean circumference of the shell is 

= (2504 + 16.5)n 

= 7918.38 mm ~ 7918 mm 

Spread out the shell plate and mark the length 7918 mm 
as shown in Figure 4.13 and cross-check the diagonals D1 and 
D2. The difference between D1 and D2 shall be within ±2 mm. 
If this is not possible using the mill cut edge of the plate, the 
plate must be squared again and the length and breadth re¬ 
marked. If the diagonals are within the tolerance, the plate 
identification has to be transferred to a comer of the shell 
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Figure 4.13 Shell marking. The difference between D1 and D2 
shall be within ± 2 min. 


plate with a personal identification stamp of the inspection 
engineer who witnesses the transfer of identification. The re¬ 
lease for cutting may be issued in the format shown in Figure 
4.14 with the signature of the third party inspection agency 
involved. 


4 INSPECTION OF PLATES AFTER 
CUTTING AND EDGE PREPARATION 

The most commonly used process for the cutting and edge 
preparation of carbon steel plates is oxyacetylene cutting, and 
that for stainless steel plates is plasma-arc cutting. In both 
cases, the cut edges will have excessive oxide deposition that 
is black in color. This is to be removed by grinding, and the 
acceptable level is at least 1.0 mm deep into the parent metal 
so that the detrimental effects due to the presence of oxides 
shall be completely removed. 
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EMBLEM 


CERTIFICATE OF MATERIAL IDENTIFICATION AND 
TRANSFER OF IDENTIFICATION 


Order No. 


Sheet 

of 

Purchaser 


Attachment to 
Certificate No 


Description 


Date 


Drawing No 



I Pari No(s). Marked 1 1 [ 


Original Identification Found 

Identification Transferred 
with Drawing No & Part No 




SKETCH OF PLATE 


Number of scrap pieces identified 
(with approx, size & shape) 

Material Marked by 
Material Identified by 


Figure 4.14 Certificate of material identification and transfer of 
identification. 
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After grind-back, the cut edges shall be examined visu¬ 
ally for any defects like lamination or any other local defects 
due to improper cutting parameters. In cases needed, visual 
examination of the cut edges may be supplemented by liquid 
penetrant testing (LPT). When cuts are found satisfactory the 
piece can be released for bending. 

5 BENDING OF PLATES 

5.1 Direction of Bending 

The shell plate will have more strength in the direction of roll¬ 
ing compared to its transverse direction. Hence, as far as pos¬ 
sible, the direction of bending of the plate shall be same as 
that of the original direction of rolling, which is in the direction 
of the length of the plate, as shown in Figure 4.15. 

5.2 Prepinging 

Once the shell plate is fed into the bending machine, first both 
the ends are pressed to the required shape, as shown in Figure 



Figure 4.15 Direction of plate rolling and bending. 
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Figure 4.16 Prepinging of plate edges. 


4.16. This process is called prepinging. After prepinging, the 
profile at the ends is checked using a template and, if satisfac¬ 
tory, full bending is carried out. Usually, bending is carried 
out in a few stages so that the elongation of the shell will be 
negligible and no further trimming of the plate will be needed. 

5.3 Templates 

The template for checking the profile during bending shall be 
as per requirements of UG 29.2 namely, twice the arc length 
obtained from chart UG 29.2 (see Chapter 21, Section 4). As 
a rule of thumb, if we take a segmental template that subtends 
20° at the center, it will definitely meet the requirements of 
the ASME clause. The QA/QC engineer shall verify the profile 
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and chord length of the template, and these are to be stamped 
on the template with the inspection engineer’s stamp by the 
side. 

5.4 Set-Up for Welding of Long Seams 
and Inspection 

Upon completion of bending, the longitudinal seam is fitted 
for welding. Dimensions as listed in Chapter 3, Section 6.3.1 
shall be recorded in the format shown in Figure 4.17. Apart 
from that, the profile all around the shell shall be checked and 
deviation in profile from the template beyond acceptable levels 
shall be repaired. 

In addition to that, the V configuration shall be checked 
for its compliance to the design and its uniformity through out 
the length of the seam (e.g., gap, root face or throat, V angle, 
etc.). 

Further, it would be advisable if one could check the ade¬ 
quacy of preset and restraints given to the seam prior to weld¬ 
ing in order to minimize distortion. 

5.5 Precautions to Control Distortion 

Distortion of weld joints is more problematic in the case of 
longitudinal seams when compared to the circumferential 
seams. The usual types of distortion that can take place at a 
long seam are either peaking in or peaking out. Given here are 
three proposals for the reduction of distortion whose judicious 
application will yield positive results. 

When the thickness of the shell plate is less than 16 mm, 
single-V double-welded joints are recommended. In such 
cases, the groove shall be provided as far as possible at the 
inside, as shown in Figure 4.18A. When the thickness of the 
shell plate is greater than 16 mm, double-V joints are recom¬ 
mended. In this case, as far as possible, the joint configuration 
shall be unequal V with the major V on the inside as shown 
in Figure 4.18B. While the welding from the inside is being 
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EMBLEM 


SHELL DIMENSION REPORT 


1 Order No. 


Drawing No. 


I Purchaser 


Date 


1 Description 

Status of Shell 





SKETCH OF SHELL 


0 ° 



Diameter 


180° 

L_ 

Length 

J 

r °n 


Required Dimensions 

DIMENSIONS 


Shell 

Identification 

Position 

Identification 

Diameter 

fmm) 

Length 

(mm) 

Sag/ Hog 
(+ or - mm) 

Shell No. 1A 

0-180° 

2505 

2500 

+3 

Shell No. 1A 

45-225° 

2503 

2501 

+2 

Shell No. 1A 

90-270° 

2495 

2499 

+4 

Shell No.lA 


2502 

2500 

+3 


QA/QC Manager 


Figure 4.17 Shell dimension report. 
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Figure 4.18 Recommended V joint preparation. 


carried out, there shall be at least two spiders in position, as 
shown in Figure 4.19, at both ends of the shell. While provid¬ 
ing the spiders, care shall be taken to avoid the weld area to 
facilitate easy access to the welder. 

Upon completion of welding from the inside and prior to 
the back-gouging, two more stiffeners shall be provided, as 
shown in Figure 4.20. While providing this, a preset up to D 4- 
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SIDE ELEVATION 



Figure 4.19 Fixtures to maintain circularity. 
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Figure 4.20 Restraint on long seam for welding from outside. 
Note: (1) The channel section shall be tack welded only on one side; 
(2) the pipe shall be tack welded to the channel at the top and the 
shell at the bottom; (3) channel and pipe of suitable size and thick¬ 
ness shall be used based on the thickness and diameter of the shell. 


5 mm is provided based on the diameter of the shell. This shall 
be maintained during back-gouging as well as during the com¬ 
pletion of welding from outside. The additional channel stif¬ 
fener provided over the weld seam may be removed prior to 
the radiographic testing (RT) and the remaining three spiders 
may be retained until the vessel takes its final shape. 
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6 WELDING PROCEDURE SPECIFICATION 
AND WELDER QUALIFICATION 

For carrying out any welding on a pressure vessel, an ap¬ 
proved welding procedure specification (WPS) is an essential 
requirement, and all the welders involved vessel have to be 
qualified as per ASME Section IX. The various aspects of the 
qualification are discussed at length in Chapter 17. 

7 WELDING 

7.1 General 

Qualified welders shall carry out the welding as per approved 
procedures. However every weld has the potential for distor¬ 
tion. It cannot be avoided. However, if judicious precautions 
are taken, it is easily brought under acceptable limits. The 
author considers this an important aspect in pressure vessel 
manufacture. However it is often not given due stress in books 
related to manufacturing processes or welding. There are a 
very few isolated studies by individuals and publications on 
distortion, most of which are very general in nature. There¬ 
fore, various parameters that attribute to distortion and reme¬ 
dial action to minimize the same are also discussed in this 
chapter. These are based on the experience and studies con¬ 
ducted by the author. 

7.2 Edge Preparation 

The edge preparation has a very significant role in controlling 
distortion. When a rational design of the weld joint is made, 
the quantum of weld metal is be minimized, so the quantity 
of weld on either side of the weld can be balanced. Obviously, 
the associated distortion also will be less. It is generally rec¬ 
ommended to have single-V double-welded butt joints for 
shells up to approximately 16 mm thickness, above which dou- 
ble-V double-welded butt joints are preferred. Even though 
the V sizes and angles are stipulated by the codes, where to 
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apply them and where to do the first welding, etc., are not 
addressed. Given here are some suggestions that could drasti¬ 
cally reduce effects due to distortion, if used judiciously: 

1. For shells below 16 mm thickness, a double-welded 
single-V may be used. As far as possible, provide the 
V on the inside of the shell (see Figure 4.21A). Subse- 




Figure 4.21 V joint preparation. 
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quently, the back-gouging has to be carried out from 
outside with a proper restraint applied to the joint 
from inside, as mentioned in Section 5.5. This will re¬ 
sult in balancing the quantum of weld metal from 
both sides and thereby counteract the forces of con¬ 
traction (see Figure 4.22A). 

2. In the case of double-V welds (for thickness over 16 
mm), provide unequal V, i.e., t and 2 k t configura¬ 
tion, as shown in Figure 4.21B. Provide the major V 
on the inside and the minor V on the outside. The 
welding has to be completed first from inside, and 
back-gouging has to be carried out from outside. Here 
again while doing the back-gouging care shall be 
taken to see that it has not gone very deep to reach 
sound metal. The ideal maximum is up to half the 
thickness of the shell, as shown in Figure 4.22B. 
Welding from outside shall be carried out only with 
restraints in place from inside, as in the previous 
case. 




Figure 4.22 Longitudinal seam joint after back-gouging and 
grinding: (A) for shells of thickness less than 16 mm; (B) for shells 
of thickness 16 mm and greater. 
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3. The V angle shall be kept at the minimum possible 
so that the quantum of weld metal can be reduced. 

4. While back-gouging and subsequent grinding, the re¬ 
sultant groove shall have a V angle of at least 10 to 
15°, as shown in Figure 4.22, for the slag to float up 
to the top of the weld easily. 

7.3 Tack Welding of Joints 

Tack welding on the seam or the use of clamps and wedges 
may be resorted to for holding the joint in position. Provided a 
qualified welder does the tack weld, using a qualified welding 
procedure under the requisite conditions of preheat, it can be 
a part of the actual weld. In that case, its stopping and starting 
points shall be properly prepared by grinding prior to full 
welding. Tacks shall be provided at a spacing of 200 to 250 
mm, with the length of tack ranging from 25 to 40 mm. The 
holding devices used for maintaining the shape of the shells 
shall be retained until the welding from the major V side is 
completed, as the distortion is maximum in the first few 
passes of the weld. 

7.4 Run-In and Run-Out Plates 

Two pieces of plate of 50 to 100 mm length shall be provided 
at the beginning and end of each seam, preferably with the 
same V configuration. This will help the welder to start the 
weld from the run-in plate, and by the time the welder reaches 
the shell, welding will be stabilized and the weld on the shell 
will be free from defects. This is possible only for longitudinal 
seams and has a serious bearing on the quality of the weld at 
the start and end of each longitudinal seam, which eventually 
turn out to be T joints. 

7.5 Stiffeners to Maintain Circularity 

All shell sections shall be provided with spiders for main¬ 
taining the circularity while rotating the shells on floor as well 
as on rotators. At least four spiders shall be given at both the 
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ends of the shell avoiding the longitudinal seam area, as 
shown in Figure 4.23. The spiders can be of angle iron prefera¬ 
bly with adjustment provision to maintain the circularity pre¬ 
cisely. Apart from these spiders meant for maintaining circu¬ 
larity, one additional stiffener shall be provided on the weld 
with a preset as shown in Figure 4.24. The preset thus given 
will be nullified by the shrinkage forces acting against it, 
thereby resulting in a weld seam with peaking in or out in the 
acceptable range. 

7.6 Precleaning of Welds 

A weld seam shall be thoroughly cleaned and shall be free from 
rust, grease, mill scale, or any other foreign material not only 
on the weld but also on either side of the V groove to a width 
of at least 25 mm. This shall be done meticulously on both 
sides of the seam prior to the start of the weld on the first 
side. The use of a circular wire brush attached to a grinding 
machine could produce the desired results, whereas the simple 
wire brush cleaning is not sufficient as specified in many of 
the welding procedures. 

7.7 Preheating 

Based on the material of the shell section and also on the WPS, 
the joint may have to be preheated prior to welding. This is 
given in Appendix R of ASME Section VIII Div (1) (see Chap¬ 
ter 21, Section 15). Depending on the thickness of the plate to 
be welded and the temperature to be attained, suitable attach¬ 
ments shall be made to achieve the same. The arrangement 
shown in Figure 4.25A is intended for heating the long seam, 
and that for circumferential seam is given in Figure 4.25B. 
The maximum length of the attachment needed is 1000 mm, 
as it can be moved in the direction of the weld as the weld 
progresses. The heating shall be done from outside when the 
welding is carried out from inside and vice versa. The temper¬ 
ature at the joint shall be measured using temperature chalks. 
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Figure 4.24 Restraint on long seam for welding from outside. 
Note: (1) The channel section shall be tack welded only on one side; 
(2) the pipe shall be tack welded to the channel at the top and the 
shell at the bottom; (3) channel and pipe of suitable size and thick¬ 
ness shall be used based on the thickness and diameter of the shell. 


In order to rule out the possibility of measuring the skin tem¬ 
perature instead of the actual plate temperature, the mea¬ 
surement shall be done on the opposite side of the shell where 
the heating device is placed. In case better controls are needed, 
thermocouples can be provided along the weld joint at certain 
intervals and be monitored using recorders. 
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7.8 Sequential Welding 

For a longitudinal seam of approximately 1.5 to 2 m long, the 
weld can start from one end of the seam and finish at the other. 
While setting the joint for such welding, care shall be taken 
to see that the gap provided at the starting end of the longitu¬ 
dinal seam shall be exactly as per the drawing, and toward 
the closing end it shall be increased a little bit. For a long seam 
of length 1.5 to 2 m, 2 mm excess gap at the closing end can 
be given which will shrink to the desired level as the weld 
progresses toward the closing end, as shown in Figure 4.26. 

When the length of the seam is more than 2 m, it is better 
to adopt a staggered welding sequence. For a weld seam of 
about 4 m, it is recommended to start welding from one end 
to a length of about 1 m and next from the other end for the 
same distance. The remaining 2 m left out at the center is 
welded last. 



Figure 4.26 Longitudinal seam fit-up and sequence of welding. 
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For a thin shell where the single V is provided at the in¬ 
side, upon completion of the root pass, the welded side shall 
be cleaned using a power brush. If the weld after the root pass 
is too rough, smoothing of the weld ripples may be carried out 
by grinding. Later the welding from inside may be completed, 
and outside welding may be carried out after back-gouging 
and providing adequate stiffeners/preset, as shown in Figure 
4.27. 

7.9 Interpass Cleaning 

After every pass, the weld has to be cleaned using proper tools 
to remove all slag and spatters from the V groove. In most 
cases, power brush cleaning after chipping the slag is suffi¬ 
cient. However in the case of root run, it may call for grinding, 
as it is difficult to remove slag from a deep groove. When the 
welded surface is free from slag, spatters, and surface defects, 
it can be taken for depositing subsequent beads after checking 
the interpass temperature. 

7.10 Interpass Temperature 

For any welding to go on, the welded joint shall have a mini¬ 
mum preheat temperature and at the same time it shall not 
exceed the maximum interpass temperature indicated in the 
WPS. These two parameters can be monitored as mentioned 
in Section 7.7. 

7.11 Back-Gouging/Grinding 

In the case of longitudinal seams, it is recommended to com¬ 
plete the welding from inside first and then perform the back- 
gouging from outside. Back-gouging may be carried out either 
by carbon electrode gouging or grinding alone. In the case of 
carbon electrode gouging, it shall be ensured that all black 
carbon gouge marks on the gouged area are removed by grind¬ 
ing into sound metal by at least 1 mm. This is to prevent the 
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Figure 4.27 Restraint on long seam for welding from outside. 
Note : (1) The channel section shall be tack welded only on one side; 
(2) the pipe shall be tack welded to the channel at the top and the 
shell at the bottom; (3) channel and pipe of suitable size and thick¬ 
ness shall be used based on the thickness and diameter of the shell. 


carbon particles from going into the molten metal, which may 
cause detrimental effects. While back-gouging, care shall be 
taken to see that 

1. It is not going to a depth beyond half the thickness 
of the plate in order to reach the sound metal. 
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2. The width of the V is not exceeding the designed V 
width. 

At the same time, it is important that a vertical wall for 
the V be avoided. The resultant V should have at least a V 
angle of 10 to 15° on either side, as shown in Figure 4.28, so 
that the slag will float up easily. 

7.12 Nondestructive Testing After 
Back-Gouging 

The LPT of the back-gouged joint is always useful in detecting 
gross defects like lack of fusion, cluster porosity, slag inclu¬ 
sions, etc., in the root run and hence is recommended for all 
full penetration welds. 

7.13 Balancing of Welds 

Care shall be taken in carrying out the back-gouging so that 
an unequal V joint after back-gouging from the minor V side 
shall never exceed half the thickness of the shell. In other 
words, the weld from both sides shall be almost balanced in 
quantum. In addition, care shall be taken to ensure that the 
V width is not increased beyond that specified in the design. 
However, the resultant V shall have a V angle of at least 10 
to 15°, as shown in Figure 4.28B. 

7.14 Test Coupons 

UHT 81 stipulates the requirements for the use of coupon 
plates for verification of heat treatment in ferritic steels with 
properties enhanced by heat treatment. One or more test cou¬ 
pons representative of the material and welding may be pro¬ 
vided for the purpose. The requirement varies with the heat 
treatment process. However, in most cases, the coupon plates 
are provided along with the long seam and welded under the 
same welding parameters as that of the longitudinal seam of 
the shell. It is expected to undergo the same type of heat treat- 
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Figure 4.28 Weld groove after back-gouging and grinding. 
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ment later as that for the vessel and mechanically tested to 
prove the properties. 

7.15 Final Visual Examination 

On completion of welds on either side, the restraints provided 
during welding may be removed for ease in carrying out other 
jobs. However the spiders provided to maintain the circularity 
of shells, especially for thin shells, may be retained until the 
vessel is complete so that it can take such loads on its own. 

The weld joints shall be inspected after the completion of 
welding from both sides using an inside or outside template 
to assess the peaking in or out of the seam. If this is within 
acceptable limits as per the code or client specification, visual 
inspection of the seam is carried out with regard to the follow¬ 
ing aspects: 

1. Surface finish of the weld and its uniformity ac¬ 
cording to specifications for welded surfaces permit¬ 
ted in UW 35 (see Chapter 21, Section 16). However, 
the surface of the weld shall be sufficiently free from 
coarse ripples, grooves, overlaps, and abrupt ridges 
and valleys to permit the proper interpretation of ra¬ 
diographs. 

2. Reinforcement of the weld shall be as per the table 
given in UW 35. 

3. Profile of weld joint. 

4. Under cuts. 

5. Spatters. 

6. Removal of tack metals in the nearby areas. 

When all these parameters are satisfactory the weld can be 
released for nondestructive testing (NDT) as needed. 

7.16 Nondestructive Testing of Long Seams 

All seams that have undergone satisfactory visual inspection 
can be taken for NDT, the most prominent of which is RT. As 
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per the applicable specification, UW11, ultrasonic examina¬ 
tion carried out in accordance with UW 53 (see Chapter 21, 
Section 11) may be substituted for radiography for the final 
closure seam of a pressure vessel if the construction of the ves¬ 
sel does not permit interpretable radiographs. The technique 
and acceptance criteria shall be in accordance with Appendix 
12 of ASME Section VIII Div (1) (see Chapter 21, Section 12). 
Other NDT methods include MPT and LPT, the applicable sec¬ 
tion of the code for these are UG 93 and UHT 57, respectively. 
For both methods, the basic requirements on methodology, 
evaluation, and acceptance shall be as per Appendixes 6 and 
8 of ASME Section VIII Div (1), respectively (see Chapter 21, 
Sections 13 and 14). 

The requirement of RT can be either full or spot de¬ 
pending on the joint efficiency considered in the design. 


7.16.1 Full Radiographic Testing 

The applicable sections of the code in this regard are UW 11 
(see Chapter 21, Section 6) and UW 51 (see Chapter 21, Sec¬ 
tion 8). Based on the design considerations, the quantum of 
radiography will be decided at the initial stages of design. Full 
radiography is required when the joint efficiency is considered 
as one in design. In addition, all butt welds in shells and heads 
of vessels meant to carry lethal substances and all butt welds 
in shells whose thickness exceeds 38.1 mm shall also undergo 
full radiography. 

However, category B and C welds of nozzles that exceed 
neither 10 in. size nor lVs in. wall thickness do not require 
RT. 


7.16.2 Spot Radiographic Testing 

The applicable code is UW 52 (see Chapter 21, Section 9). As 
in full RT, spot radiography also will be decided by the de¬ 
signer based on the weld efficiency factor assumed for the pur¬ 
pose. 





Manufacture of Vessel 


115 


As per the referred code, one spot on each vessel is re¬ 
quired for each 50-ft (15.2-m) increment of weld or fraction 
thereof. The minimum size of a spot shall be 6 in. (150 mm). 
When such a spot RT film does not meet the acceptance crite¬ 
ria as specified in UW 51, two additional spots in the same 
weld away from the initial spot shall be taken. If these two 
spots are acceptable and the original spot is repaired and a 
new radiograph also meets the acceptability norms, the joint 
represented by these welds can be considered as accepted. 
When either of the additional spots fails to meet the require¬ 
ments, the entire length of weld represented by this weld shall 
be fully radiographed. The acceptance norms in case of both 
full and spot radiography are as per UW 51 for linear defects. 
Whereas for rounded indications, Appendix 4 (see Chapter 21, 
Section 10) is the acceptance standard. 


8 ASSEMBLY OF SHELLS, HEADS, 

AND CONES 

8.1 Shell to Shell 

Any completed shell shall have a reference centerline on the 
shell, which shall be marked at least in 0°, 90°, 180°, and 270° 
and shall extend through the full length of the shell. Consider 
a shell with only one longitudinal seam whose circularity is 
maintained satisfactorily by providing spiders at both the 
open ends. Obviously the seam can be made a reference line. 
However, to mark the same on the shell, the following method¬ 
ology shall be adopted: 

1. Put a centerpunch on the center of the weld at one 
end of the shell. 

2. Stretch a measuring tape from there and measure the 
outside circumference of the shell at that end. 

3. Divide by 4 to get one-quarter measurement, and 
mark it along the circumference to obtain 90°, 180°, 
and 270° at the same end. The difference in dimen- 
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sion of each quarter shall be limited to 2 to 3 mm max¬ 
imum, depending on the ID of the vessel. 

4. Transfer the centerpunch put on the center of the 
weld at one end of the shell to the other end by water 
level. For this the shell shall be first kept on leveled 
rotators. The rotators are to be leveled by adjusting 
the rollers at both ends separately. 

5. Make the same divisions at this end also. 

6. Connect these points to obtain the four centerlines, 
which will be the four major longitudinal axes of the 
shell. 

7. The same methodology has to be repeated for all the 
shells. 

When the shells are to be assembled, the staggering of 
the weld joints shall be effected in the cutting plan. From the 
four centerlines marked on each shell, one can easily locate the 
staggering required, and shells can be assembled accordingly. 

Since the first shell is made stationary, the second is ro¬ 
tated to get an offset of X mm while aligning the shells. The 
same process is repeated for other shells also. Upon comple¬ 
tion of the fit-up, the following aspects shall be checked: 

1. The offset or mismatch between shells all around the 
circumference is measured by means of a straight 
edge and a taper gauge. The allowable alignment tol¬ 
erance after welding is as per table UW 33 (see Chap¬ 
ter 21, Section 5). Any offset within the allowable tol¬ 
erance shall be faired at 3-to-l taper over the width 
of the finished weld or, if necessary, by adding addi¬ 
tional weld metal beyond that which would otherwise 
be the edge of the weld metal. However, as a rule of 
thumb, the allowable tolerance can be easily taken as 
the lowest of either 10% of the thickness of the shell 
or 2 mm. If shells of different thickness are joined, 
the thickness considered shall be that of the thicker 
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plate. In the case of mismatching shells within the 
allowable tolerance, the root face also can have the 
same mismatch that is to be dressed off prior to weld¬ 
ing to facilitate positive penetration for the weld. 

2. The V joint configuration is checked for uniformity, 
bevel angle, root face, etc., using a welding gauge. 

3. Straightness of the assembled shells is checked using 
a stretched piano wire through the four centerlines. 
The possible bend that can arise in the fit-up is called 
the skew, or banana bow. If the straightness is be¬ 
yond the limits specified in the client specification, 
the joint has to be rectified. 

8.2 Shell to Head 

The axis on the shell is marked as specified in Section 8.1. In 
order to align the head to shell, the centerpoint and the four 
circumferential points on the head have to be marked. This is 
done as follows: 


1. At the straight face of the head, take the outside cir¬ 
cumference and locate the four centerpoints by divid¬ 
ing the circumference by 4. 

2. Put the head upside-down on a thick leveled plate 
and place two trisquares at opposite centerpoints 
marked. Stretch a chalked thread on top just gracing 
the topmost point on the head to put an impression 
of the line by striking the chalked thread. Repeat the 
same at 90° to the first line, which will result in a 
point that is the center of the head (see Figure 4.29). 

3. Connect the four centerpoints representing 0°, 90°, 
180°, and 270° to the center of the head to get the 
four major axes connecting to the center of the head. 

4. By the same method, any angle on the head can be 
located for the placement of nozzles or other attach¬ 
ments. 
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Figure 4.29 Marking of center of dish. 
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Alignment of head to shell is simple once the centerlines 
and the centerpoint are determined. Align the head and the 
shell by matching the centerlines. The mismatch of surfaces, 
V configuration, etc., shall be checked prior to welding as ex¬ 
plained in Section 8.1. 

8.3 Shell to Cone 

In order to mark the centerlines of a concentric cone, the easi¬ 
est way is to consider the centerline of one of the longitudinal 
seams as a reference line. With reference to this, take the out¬ 
side circumference at both the big and small ends and divide 
it by 4 to get one-quarter of it and mark the other three points 
on the circumference. Connect the respective points at both 
ends to get the other three centerlines apart from the refer¬ 
ence line, which is the fourth center line (see Figure 4.30). 
With respect to these centerlines, alignment of cones to the 
shell can be done as desired. The joint fit-up has to be checked 
later as in the case of shell-to-shell joints. 

8.4 Fixtures and Restraints 

Although all the previously described joints are circumferen¬ 
tial joints—due to the circular shape of the section—the most 
vulnerable one to distortion effects is the shell-to-shell joint 
compared to the shell-to-head or shell-to-cone. Therefore, re¬ 
straints for only the former joints are considered. However, in 
the case of thin shell vessels, the very same type of restraints 
could be extended to joints between shells and heads or shells 
and cones. 

In order to reduce the effects of distortion, as far as possi¬ 
ble, the major V shall be provided inside the shell, as in the 
case of longitudinal joints. However, in the case of closing 
seams, this may have to be provided on the outside due to 
safety reasons. The restraints that are to be provided, in both 
cases, are exactly the same. It is not necessary to provide any 
restraints on the outside while welding from inside. Whereas 
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during back-gouging and welding from outside, two sets of 
four spiders each shall be provided on either side of the joint 
at 40 to 50 mm distance from the joint. The number of spiders 
has to be increased depending on the diameter of the vessel 
and the thickness of the shell. The ideal arrangement for pro¬ 
viding a controlled restraint occurs when the spiders are pro¬ 
vided with jacking facility. The spiders can be removed upon 
completion and cooling down of the weld to room temperature. 
The details of the spiders proposed for circumferential seam 
welding are shown in Figure 4.31. 

8.5 Welding 

Most of the points mentioned in Section 7 are applicable to 
circumferential seams also, especially those pertaining to 
weld joint configuration. Apart from that, the following as¬ 
pects also may be considered in the case of circumferential 
seams. 

For circumferential seam welds, the length of weld is very 
large. In that case, if the welding is progressively done from 
one end, it may lead to a banana bow, which could be very 
critical in the case of tall columns. In order to reduce this, the 
following sequential welding methodology is suggested. 

For a shell of approximately 2000 mm ID, the circumfer¬ 
ence to be welded is approximately 6280 mm. This is divided 
into eight segments of approximately 800 mm each along the 
circumference. For the root and hot passes, the segments are 
welded in the sequence shown in Figure 4.32. When the diam¬ 
eter of the shell increases, either the length of the segment is 
increased or the number of segments is increased or a combi¬ 
nation of both is judiciously selected. 

8.6 Nondestructive Testing 

The NDT of circumferential seams is the same as that of longi¬ 
tudinal seams and the applicable clauses of the code is also 
the same. 
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Figure 4.32 Welding sequence for circumferential seam welding. 
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9 MANUFACTURE OF SUBASSEMBLIES 

9.1 Nozzles 

Usually a nozzle consists of a self-reinforced forged nozzle 
neck or a seamless pipe piece welded to a weld neck flange, 
as shown in Figures 4.33 and 4.34, respectively. In both cases, 
the work involved is the same and is done as follows. The prep¬ 
aration of the joint is the same. The pipe or the forged nozzle 
is cut to the required size and aligned as per the joint design 
by means of external C clamps. In the case of smaller nozzles 
(below 100 NB), this welding shall be preferably be carried out 
by gas tungsten arc welding (GTAW) with compatible filler 
and approved welding procedures, at least for the root run and 
hot pass. All subsequent passes may be deposited by shielded 
metal are welding (SMAW) process. When the root pass is 
welded using SMAW, then suitable deep penetration elec¬ 
trodes may be used so that full penetration can be ensured. 

For nozzles above 150 NB, it may be possible to do back- 
gouging or grinding as well as welding from inside. In such 
cases, even for the root pass, SMAW with normal electrodes 
can be adopted. 

In cases of pipe nozzles of size 50 NB and above, reinforce¬ 
ment pads of suitable thickness have to be provided as per the 
design. Details pertaining to the fitting of the same onto the 
vessel are discussed in the coming sections. 

9.2 Manholes 

Manholes are nothing but big nozzles of sizes 500 NB and 
above. Usually the pipe section used for manholes shall be a 
fabricated pipe from plate. Therefore, for vessels with joint ef¬ 
ficiency one, the long seam weld is category A butt, and hence 
calls for 100% radiography prior to the fit-up of the circumfer¬ 
ential joint between the flange and neck. For manholes with 
fabricated neck, the reinforcement pad is essential and shall 
be provided as per the design. In case there is any practical 
difficulty in placement of the reinforcement pad prior to the 
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welding of manhole to the shell, it can be inserted in two 
halves provided there are at least two tapped telltale holes on 
both halves of the pad. Apart from these the manufacture of 
manhole is the same as that of a nozzle. 

9.3 Others 

The other possible fittings on a pressure vessel are saddle 
skirt, legs, lifting lugs, trunnions, platform/ladder clips, etc. 
These are directly welded to the shell if the material of the 
attachment is compatible to the vessel material and the design 
permits. If not, they are to be welded on a pad plate that is 
compatible to the parent plate. 

All pad plates given for this purpose shall be rounded off 
at the corners to a radius of 25 mm radius, and the sharp edge 
shall be dressed to a radius of 2.5 mm minimum, as shown in 
Figure 4.35. The pad shall be provided with at least one tell¬ 
tale hole. As no opening is made on the shell, air test is not 
required for these pads and hence the hole provided on the 
pad need not be tapped. 


10 FITTING OF SUBASSEMBLIES 

10.1 Marking of Center of the Attachment 
and Cutting Line 

The marking of all the attachments like nozzles, manholes, 
and other fittings are preferably to be done simultaneously so 
that any fouling of these components with existing weld seams 
or among them could be checked. This is checked with respect 
to orientation plan/elevation for vertical vessels and end view/ 
elevation for horizontal vessels. 

Care shall be taken to see that the left-hand/right-hand 
sides for horizontal and top/bottom ends for vertical vessels 
are identified. Otherwise the openings made might be on the 
wrong side. On satisfactory marking of the center points of 
these attachments, the cutting line on the shell will be marked 
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Figure 4.35 Pad plates for other attachments. 


as needed, and these also have to be checked prior to the open¬ 
ing being made. 

Consider the case of a nozzle N1 provided at 35°, as shown 
in Figure 4.36. Measure the outside circumference of the shell 
approximately at the location where the nozzle N1 is to be fit¬ 
ted. This corresponds to 360°. Proportionately, the outside cir¬ 
cumference corresponding to 35° is calculated as C x 35/360. 
Measure out this from the reference centerline at 0° and mark 
a parallel line at 35°. The location of the nozzle can be any¬ 
where on this line. Mark out the distance of 1500 mm, as 










130 


Chapter 4 


shown in Figure 4.36, from the reference tangent line to locate 
the centerpoint of the nozzle. Later the cutting line of the 
opening is also marked taking into consideration the curva¬ 
ture of the shell and that of the nozzle. The in-house QC per¬ 
sonnel shall countercheck both the centerpoint as well as the 
cutting line to rule out possible errors in marking. 

10.2 Cutting, Edge Preparation, and Grinding 

The cutting is usually carried out by oxyacetylene flame in 
carbon steels and by plasma-arc in stainless steels. Since com¬ 
plicated contours are often encountered in cutting openings 
for nozzles, it is mostly done manually, and the uniformity of 
the cut edge is obtained by grinding. While grinding, the right 
edge preparation shall be obtained as per drawings, and uni¬ 
formity in root gap, root face, bevel angle, etc., shall be ob¬ 
tained. In order to do the fine grinding of the hole opening, 
bevel angle, etc., templates for the same, as shown in Figures 
4.37 and 4.38, may be used so that repair work can be mini¬ 
mized. 

10.3 Fitting of Subassemblies 

10.3.1 Nozzles and Manholes 

All nozzles of 50 NB and above made out of pipe shall be pro¬ 
vided with a reinforcement pad. If pads are to be made in one 
piece, then they have to be inserted to the nozzle/manhole 
prior to the fit-up. If the stand-off of the nozzle prevents the 
use of a single pad, the pad may be inserted after the fit-up 
of the nozzle in two pieces. The joining of the pad shall be done 
on the vessel with the vessel as the backing strip. In such 
cases, there shall be two telltale holes on both segments of the 
pad and shall be tapped to carry out the air test. 

Prior to the fit-up of the nozzle onto the vessel, the vessel 
shall be leveled by adjusting the rotators, especially the idle 
ones. All nozzles and manholes shall be fitted as off-center to 
the main centerline of the vessel unless specified otherwise. 
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V (?P mm ) 



Figure 4.37 Templates for edge preparation of openings on shell 
and head (for single-V preparation). 


For the fit-up of nozzles/manholes, the following steps shall 
be followed: 

1. The position where the nozzle is to be fitted is placed 
either at the top or on the sides depending on the size 
of the vessel and that of the item to be fitted. The 
vessel is leveled again in that position in two direc¬ 
tions (along the principal axis of the vessel and per¬ 
pendicular to it). 

2. Fit up the nozzle with the required stand-off and the 
flange holes off-center to the main axis of the vessel. 





132 


Chapter 4 


2" (50 mm) 



Figure 4.38 Templates for edge preparation of openings on shell 
and head (for double-V preparation). 

3. Inspect the level on top of the flange in both the direc¬ 
tions and if it is satisfactory (with in tolerance speci¬ 
fied by code and client specifications), tacks are given 
either at the joint or by means of external cleats to 
hold the nozzle in position. In both the cases, the 
tacks shall be strong enough to hold the nozzle in po¬ 
sition during welding. 

10.3.2 Others 

The items considered here are pad plates provided for the 
placement of attachments like saddles, legs, ladders, plat- 
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forms, pipe supports, etc., to the vessel. As openings are not 
made in these cases, the fitting and welding are very simple 
compared to nozzles and manholes. However, a few good engi¬ 
neering practices are to be followed: 

1. As far as possible, the edges of the pad plates shall 
be rounded off to a radius of 25 mm minimum. 

2. A telltale hole shall be provided at a corner of the pad. 
As no testing is envisaged for the same, it can be a 
straight hole of 5 or 6 mm diameter without any tap¬ 
ping. This will permit the free flow of air entrapped 
between the pad and shell during welding. 

3. The gap between the pad and the shell shall be main¬ 
tained at 0.5 mm maximum, as is also the case of 
other reinforcement pads. 

4. All the sharp edges on the pad shall be dressed to a 
radius of 0.25 mm. 

5. Provide only the designed size of the weld, as shown 
in the drawing. 

6. As openings are not made on the shell, it is presumed 
that the shell has sufficient strength at the location 
where the pad is placed. Therefore, restraints as pro¬ 
posed in the welding of nozzles are not necessary. 
However, if the size of the attachment weld is too big 
compared to the shell thickness, it may be better to 
provide restraint during welding, as in the case of 
nozzle welding. 

10.4 Precautions Prior to Welding 

Due to the opening made in the shell for the attachment of a 
nozzle or manhole, the vessel will become weak in that area. 
Therefore, during welding of the nozzle/manhole, distortion 
will be severe, and sufficient precautions have to be taken dur¬ 
ing welding. The distortion occurring due the welding of a noz¬ 
zle or manhole to the shell is called cave-in of nozzles, and the 
precautions will only help to bring it down to acceptable limits. 
In almost all the weld joint designs, due to safety consider- 
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ations, maximum welding will be done from outside. Due to 
this reason, the cave-in will be significant, and to minimize 
the same, the only effective way is to provide restraints as fol¬ 
lows at fit-up itself so that the nozzle after welding shall be 
within acceptable limits on stand-off, tilt, and cave-in. 

1. During fit-up always provide 3 to 5 mm extra stand¬ 
off depending on the nozzle size. 

2. In case of nozzles above 300 NB and for manholes, 
the same can be 8 to 10 mm. 

3. Provide strong gusset support all around, as shown 
in Figure 4.39. 

4. Provide internal support as in Figure 4.39 to mini¬ 
mize cave-in during welding of nozzles from outside. 

5. The support shall be maintained until the full weld¬ 
ing of the nozzle is complete. 

6. Adopt sequential and staggered welding to minimize 
uneven tilt of the nozzle. 

10.5 Welding of Subassemblies 

While welding subassemblies like nozzles and manholes it is 
always preferable to adopt staggered welding to minimize tilt 
and cave-in of the nozzle. The length of weld to be done at a 
spot is decided based on the size of the nozzle. For a nozzle of 
size 200 NB, the approximate circumference shall be 600 mm, 
and hence one segment can be about 50 mm for segments 1 
to 4 and 100 mm for segments 4 to 8 (see Figure 4.40 for de¬ 
tails). The sequence shall be meticulously followed for the root 
run and the hot pass. It would be desirable to continue this 
staggered welding technique at least for the complete weld 
from outside. Afterward, upon completion the weld up to the 
parent metal level, the weld is to be cleaned and dressed, if 
needed, to facilitate liquid penetrant (LPT) or magnetic parti¬ 
cle testing (MPT). 

On satisfactory completion of LPT or MPT or both, the 
pad is to be seated and inspected for any gap all around. Nec- 
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Figure 4.39 Restraints and gusset supports for nozzles during fit- 
up and welding. Note: Stand off of the nozzle at the time of set up 
shall be maintained as required plus 5 mm for nozzles below 8" (200 
NB) and for higher at +10 mm. 




Figure 4.40 Sequence of welding for nozzle to shell/pad welding. 
Note: Sequence of welding shall be 1,3,2,4 and 5,7,6,8 for all the 
passes. 1,2,3,4 are smaller segments and 5,6,7,8 are larger seg¬ 
ments. For pad to shell welding also, the same sequence may be fol¬ 
lowed for the first pass. 
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essary grinding shall be done to get the seating with a maxi¬ 
mum gap of 0.5 mm. 

Once the pad is fitted up, the sequential welding can be 
followed there also. After completing the weld of both the pad 
to neck and pad to shell, these joints also shall be subjected 
to LPT as an additional precaution. 

After clearing the back-gouged weld joint by LPT, it may 
be filled up to the required level and the corner shall be 
rounded off, as shown in Figure 4.41. After dressing the weld 
smooth with the shell, the profile at this location shall be in¬ 
spected with a standard template. The surface is to be in¬ 
spected for surface defects visually as well as by LPT or MPT 
or both as applicable. 

10.6 Qualification Requirements 

If intricate welding in difficult positions is to be carried out, 
even though a 6G qualified welder can technically carry out 
the welding, depending on the constraints prevailing at site, 
a specific qualification can be asked for the welder intended 
for the job. This shall simulate all the restraints and positions 
involved in the actual job. 




Figure 4.41 Welding and finishing of nozzle to shell welding from 
inside. 
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For example, when the nozzle stand-off is less for welding 
the nozzles with wide flanges, a restricted welder qualification 
test, as shown in Figure 4.42, may be given. The welders may 
be asked to do the root pass and if sufficient penetration is not 
produced, they are disqualified. Since making good penetra¬ 
tion under these conditions is the test, it is pointless to carry 
on further. When it is essential to have a test record, the test 
may be completed and a radiograph of the specimen may be 
kept as a record. 

When other types of restraints are arising in real life, 
such conditions shall be simulated and welders are to be quali¬ 
fied under such restraints over and above the normal qualifi¬ 
cation as per ASME Section IX for carrying out those specific 
jobs. 


h 


♦ « OP of the flange of the special nozzle 




Figure 4.42 Restricted welder qualification test (WQT) specimen 
for nozzle to shell weld. Note: The weld is to be inspected for penetra¬ 
tion upon completion of root and hot passes. In case record is needed, 
it may be radiographed after completing the welding from the “V” 
side, back-gouging and welding from the other side. 
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Figure 4.43 Dimension report. 
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10.7 Dimensions Record 

On completion of the vessel, all salient dimensions of the ves¬ 
sel shall be recorded in the dimension report, whose format 
is enclosed as Figure 4.43. The recorded dimensions shall be 
verified with the general vessel tolerance furnished by the con¬ 
sultant and in all cases shall be within those specified. In case 
the dimensions recorded are beyond the tolerance stipulated, 
this shall be reported to the client. Their acceptance of the 
deviation is necessary prior to the dispatch of the vessel. 
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Nondestructive Testing 


1 GENERAL 

The most commonly used nondestructive testing (NDT) meth¬ 
ods in pressure vessel manufacturing are radiographic (RT), 
ultrasonic (UT), magnetic particle (MPT), and liquid pene¬ 
trant testing (LPT). For carrying out any NDT on a pressure 
vessel, a written procedure is necessary. This shall address all 
the salient parameters of the testing proposed during the ac¬ 
tual performance of the test and be accompanied by the re¬ 
quired forms used for NDT reporting. Sample procedures are 
discussed at length in Chapters 11 through 14. 
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In any type of NDT, two aspects are important: 

1. The witnessing of the test as and when needed. 

2. Review of reports and records of the test. 

For most commonly used NDT methods except RT, test¬ 
ing is to be witnessed by a competent person, as there is no 
resulting positive evidence or record for the performance of the 
test. For RT, a competent person shall review the radiographs 
produced from the work. In all cases, reports have to be gener¬ 
ated and signed off by all concerned parties. These reports are 
to be reviewed again for completeness as detailed in the com¬ 
ing sections. 

2 REVIEW OF REPORTS 
FOR COMPLETENESS 

A weld map indicating all the welds shall be prepared, as 
shown in Figure 5.1, and each seam shall be identified dis¬ 
tinctly. By verifying the reports of each of the seams and ob¬ 
serving remarks against each segment of the seam, the pend¬ 
ing repairs can be quantified and repaired satisfactorily. This 
shall be carried out for each seam and a summary report to 
this effect, as shown in Figure 5.2, shall also be made for easy 
access to the reports. All reports shall accompany the sum¬ 
mary in the ascending order of the report numbers. 

3 RELEASE FOR POSTWELD 
HEAT TREATMENT 

On verification of NDT reports, if it is confirmed that all the 
required NDT has been completed with satisfactory results, 
the vessel can be released for postweld heat treatment 
(PWHT), provided all the components that are to be directly 
welded to the shell have been completed. For this, each and 
every component in the bill of materials (BOM) of the drawing 
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Figure 5.1 Weld map. 
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Figure 5.2 Nondestructive testing summary report. 
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has to be physically identified on the vessel. Loose items that 
are not directly welded to the vessel can be ignored for the 
time being. However, it is better to have all the blind flanges 
bolted to the vessel to protect the serrated area of the flanges 
from the direct impingement of the flame. Providing a tempo¬ 
rary blind with aluminium gasket in between with at least a 
few bolts in position to hold the blind shall protect the other 
open nozzles also. 

In order to avoid any possible rework due to leaks oc¬ 
curring in the hydraulic test, at the discretion of the manufac¬ 
turer, a preliminary hydrostatic test prior to PWHT can be 
carried out. On many occasions, this test is carried out at a 
lower pressure than the actual test pressure even though the 
manufacturer can do it at the test pressure itself. The usual 
limit for this is either at the working pressure or 1.25 times 
the design pressure, as per the opinion of the third-party in¬ 
spector. 

4 NONDESTRUCTIVE TESTING AFTER 
POSTWELD HEAT TREATMENT 

When the contract calls for carrying out the NDT after the 
PWHT, it shall be carried out on the same locations and with 
the same parameters as used earlier. The records of both the 
tests have to be cross-checked for any new defects or enlarge¬ 
ment of previously accepted defects. In case any propagation 
of existing defects is observed, those areas have to be investi¬ 
gated in detail and reasons for such an occurrence are to be 
established. Suitable repair methodology has to be developed 
and approved by all concerned. After carrying out the repair, 
once again the proposed NDT has to be carried out. If the re¬ 
pair procedure calls for PWHT, once again it has undergo NDT 
and PWHT as stipulated in the contract. 
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Pad Air and Preliminary 
Hydrostatic Testing 


1 PAD AIR TEST 

1.1 Need 

On completion of welding the nozzle to shell, pad to nozzle, 
and pad to shell, it is recommended to carry out an air test of 
the pad. This will reveal any through holes in any of the welds 
mentioned. Even though this test is not mandatory, it is in¬ 
variably carried out to detect defects in welding which other¬ 
wise could be detected only during the hydrostatic test. In such 
cases, the repair of the defect becomes too expensive in terms 
of money and time. The test becomes very significant in the 
case of thin-walled vessels where the number of passes of weld 
is fewer. The test is carried out upon completion of all welding 
and the dressing of the nozzle welding to form the contour as 
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desired in the drawings and shall obviously be before the post¬ 
weld heat treatment (PWHT). 

1.2 Methodology 

As mentioned earlier, all reinforcement pads shall be provided 
with at least one number of tapped (5-mm diameter) telltale 
holes for this purpose. Air is let in through a control valve at 



Figure 6.1 Arrangement for pad air test. 
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a pressure of about 1.5 kg/cm 2 (22 psi). The attachment re¬ 
quired for the purpose is as shown in Figure 6.1. The air shall 
be preferably at a pressure of about 1.5 kg/cm 2 itself, or the 
safety valve provided shall have sufficient discharge capacity 
to relieve the high-pressure air from the source. 

Once the air reaches 1.5 kg/cm 2 pressure, the valve is 
closed. If the system is leak proof, it will hold the pressure 
until the inspection is over. Later, a soap solution with a lot 
of bubbles is applied on all the welds and observed for bubbles. 

In case bubbles are observed, the location is marked us¬ 
ing colored wax crayons and later subjected to NDT to assess 
the magnitude of the defect. Repair procedure is worked out 
on the basis of the estimated magnitude of the defect. The de¬ 
fect is removed by grinding and subsequently filled up as men¬ 
tioned in the applicable WPS. The test is carried out again 
after the repair. 

1.3 Records 

It is possible to carry out the air test of all the pads in one 
stretch. This is to be recorded in the format enclosed as Figure 
6.2. The details of the nozzle with a brief description of the 
surfaces examined will serve the purpose. This record will 
later form a part of the MDR. 

2 PRELIMINARY HYDROSTATIC TEST 

2.1 Need 

For vessels that are postweld heat-treated, it is recommended 
to have a preliminary hydrostatic test to rule out the possibil¬ 
ity of a defect revealed during the hydrostatic test. This test 
is to be carried out after the satisfactory completion of NDT 
and pad air test, but prior to PWHT. The test pressure sug¬ 
gested is 1.2 times the design pressure if the final hydrostatic 
test pressure is at 1.3 times the design pressure. Otherwise 
it is very safe to carry out the test at the working pressure 
itself. 
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Figure 6.2 Air leak test report. 
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2.2 Methodology 

As the test is the same as that of the final hydrostatic test, 
the very same methodology shall be adopted for this purpose, 
as described in Chapter 8. 

2.3 Records 

The very same report shown in Chapter 8 can be used here 
also. However, there shall be a clear mention about the stage 
at which the hydrostatic test was carried out. 
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Postweld Heat Treatment 


1 GENERAL 

Postweld heat treatment (PWHT) of the vessel is decided 
based on the material of construction, fabrication methods, 
thickness of shell sections, etc., as contained in clause UW 40 
(see Chapter 21, Section 17). Usually, vessels of IV 2 in. (38 
mm) and over in thickness have to undergo PWHT. Those in 
the range of IV 4 to IV 2 in. (32 to 38 mm) need not go for PWHT, 
provided preheat at a minimum temperature of200°F (93.3°C) 
is given during welding. Further, vessels that are subjected 
to low temperatures shall also undergo PWHT irrespective of 
thickness. As this is a design criterion, it is not elaborated 
here. However, as this requirement is indicated in the draw¬ 
ings, we try to carry out the PWHT according to the provisions 
of the code. 
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2 PROCEDURE 

In any procedure for PWHT, the following aspects shall be ad¬ 
dressed. 

2.1 Method of PWHT 

Depending on the size of the vessel and capacity of the furnace 
(size and maximum temperature), a full or partial PWHT is 
performed. In full PWHT, there are two types of firing meth¬ 
ods. The most common one is the furnace PWHT wherein the 
vessel is loaded inside the furnace and heated to the required 
level in a single firing as per the previously laid down proce¬ 
dure. This is the most desirable type of PWHT because all pa¬ 
rameters in the heating, soaking, and cooling cycle can be con¬ 
trolled well. However, the availability of such furnaces are the 
only constraint. Both oil firing as well as electrical heating 
could be used for this. If PWHT in one go is not possible due 
to the size of the vessel, UW 40 permits the use of part-by- 
part PWHT with sufficient overlap of the heated zones. 

In the second method, the vessel itself is made the fur¬ 
nace by providing burners at appropriate points and by giving 
insulation all around the vessel. The method is called internal 
firing and is very much dependent on the skill of those that 
perform this feat. The method of heating adopted is generally 
oil firing with an additional electrical- or oil-fired heating sys¬ 
tem at anticipated cold spots. 

The third method is to do the PWHT of welds alone when 
the design permits, using electrical resistance heating. Here 
again proper overlap between two PWHT zones shall be given 
as envisaged in UW 40. 

2.2 Heating Rate 

The heating rates to be followed are given in UCS 56 for car¬ 
bon steel vessels and UHT 56 for steels whose properties en¬ 
hanced by heat treatment. The rate specified in UCS 56 is 
above 800°F (427°C), which is the maximum permitted fur- 
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nace temperature at the time of loading the vessel. The heat¬ 
ing rates recommended are based on the thickness of the 
shells. As thickness increases, the rate falls. As per UCS 56, 
the rate suggested is 400°F/hr per inch (204.4°C/hr per 25 
mm) thickness of the vessel, but in no case more than 400°F/ 
hr (204.4°C/hr). The manufacturer can always go for a lower 
heating rate. However, too low a heating rate may be too ex¬ 
pensive. 

2.3 Soaking Temperature and Time 

For carbon steel vessels, the soaking time and temperature 
are specified in UCS 56. Soaking temperature is related to the 
material specification, whereas the time is based on the thick¬ 
ness of the shell of the vessel. For P. No. 1 materials, the soak¬ 
ing time specified is 1 hr per inch (1 hr per 25 mm) of vessel 
thickness with a minimum of 15 min. Similarly the soaking 
temperature specified is 1100°F (593.3°C). Soaking at temper¬ 
atures lower than that specified calls for extended soaking 
time, as specified in UCS 56.1. However, it is recommended 
to carry out the PWHT at the specified temperature and time 
frame so that detrimental effects due to spheroidization can 
be avoided. 

2.4 Cooling Rate 

After soaking, the cooling starts. As per UCS 56, the recom¬ 
mended maximum cooling rate is 500°F/hr per inch (260°C/ 
hr per 25 mm) thickness of the vessel but in no case greater 
than 500°F/hr (260°C/hr). Slower cooling rates are always 
preferred, the only consideration being cost. The cooling rate 
specified is only up to 800°F (427°C), below which it may be 
cooled in still air. 

3 HEAT TREATMENT CYCLE 

The chart indicating the heating rate, soaking temperature/ 
time, and cooling rate is the heat treatment cycle and shall 
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form a part of the procedure previously approved as per the 
provisions of the code. All the other details elaborated are the 
ones that are normally followed by the operator of the furnace. 


4 PLACEMENT OF THERMOCOUPLES 

The number of thermocouples to be used for monitoring the 
temperature is calculated based on the diameter, length, and 
position of other welded attachments on the vessel as per the 
code. Once the number of thermocouples is finalized based on 
the code and client specification, the location of the same is 
fixed based on the configuration of the vessel as well as the 
heating method proposed and the location of the heat source. 
By looking at the position of the heat source and the configu¬ 
ration of the vessel, one can easily locate the probable cold and 
hot spots. Even though the very purpose of the thermocouple 
is to monitor the temperature, it should also indicate the dif¬ 
ference in temperature at the hot and cold spots. Because of 
this reason, thermocouples shall be randomly provided at the 
hot and cold spots evenly as far as possible. In case the differ¬ 
ence in temperature between thermocouples is found to be in 
excess of that stipulated in the codes [i.e., 250°F (121°C) while 
heating and 150°F (65.6°C) during soaking], the same shall 
be brought within the acceptable limits by either bringing 
down the heating rate or by providing additional heat sources 
at the cold spots. 


5 CALIBRATION OF RECORDERS 
AND THERMOCOUPLES 

The recorders to be used shall have valid calibration certifi¬ 
cates on the date of performance of the PWHT. Further the 
thermocouples shall also have valid certification as to the 
chemical composition of the element as this is the only possible 
calibration for the same. 
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Figure 7.1 Postweld heat treatment confirmation report. 
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6 VERIFICATION OF POSTWELD HEAT 
TREATMENT AND RECORDS 

A certificate indicating the loading temperature, heating rate, 
soaking temperature, soaking time, cooling rate, unloading 
temperature, etc., is prepared as in Figure 7.1 for every heat 
treatment. In addition to this information, the actual heat 
treatment chart will have the speed of the chart and will ac¬ 
company this certificate. A sample procedure for PWHT is en¬ 
closed in Chapter 15 in which a PWHT cycle is proposed. The 
actual time/temperature chart obtained from the multipoint 
recorder connected to thermocouples will reveal the deviation 
from the proposed cycle. The following aspects shall be verified 
from the chart: 

1. The loading temperature shall be below 800°F 
(427°C). 

2. The heating and cooling rates shall be either equal 
to or lesser than that specified in the procedure 
drawn out as per code. For calculating this the chart 
speed has also to be noted down. 

3. Soaking temperature and time shall be marginally 
above that specified. 

4. The unloading temperature shall be less than 900°F 
(482°C), that specified in the code. 

5. All recorders and thermocouples shall have a valid 
calibration certificate. 
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Hydrostatic Testing 


1 GENERAL 

Hydrostatic testing is the last test performed in the manufac¬ 
ture of a pressure vessel prior to its delivery to the client. This 
is to prove the integrity of the vessel under stringent condi¬ 
tions that simulate the design conditions. This being the last 
test, rework of any type is not permitted on the vessel after¬ 
ward. Upon completion, the vessel is released only for subse¬ 
quent work like cleaning, painting, etc., as desired in the pur¬ 
chase order. 
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2 BILL OF MATERIAL CHECK 

The hydrostatic test being the last operation in the manufac¬ 
turing process, all direct welding to the vessel shall be com¬ 
pleted prior to this. Therefore, it is essential to verify that all 
components shown in the fabrication drawing have been fixed 
on the equipment. The bill of materials (BOM) is the authentic 
parts list for the vessel, each and every item of the BOM has 
to be verified for its physical presence on the equipment. If 
there are any loose parts or parts that can be welded later on 
a pad plate (i.e., not directly welded to the shell), they must 
be listed. For completeness, all the drawings pertaining to the 
vessel shall be subjected to same verification. The details of 
this inspection have to be incorporated in the pre-hydrostatic 
testing (pre-hydro) inspection report enclosed as Figure 8.1. 

3 WELDING COMPLETION CHECK 

All welds on the vessel have to be inspected visually. The butt 
welds shall be checked for uniformity in profile, smooth merg¬ 
ing with parent metal, reinforcement, undercuts, uneven rip¬ 
ples, etc. The guidelines given in Section 7.15 will be useful 
in carrying out the inspection. In case these aspects are ob¬ 
served to be beyond the limits specified, then rework by way 
of welding and dressing/grinding shall be carried out to bring 
all the parameters within acceptable limits. Similarly all fillet, 
socket, and comer welds also shall be subjected to the same 
for its size, contour, evenness, etc. The results of the visual 
examination of welds shall also be incorporated in the pre¬ 
hydro inspection report. 

4 NONDESTRUCTIVE TESTING 
COMPLETION CHECK 

Prior to the hydrostatic test, all NDT has to be carried out 
satisfactorily. This has to be verified with control charts pro- 
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PRE-HYDRO INSPECTION CLEARANCE 
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Figure 8.1 Pre-hydro inspection clearance. 
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vided along with the concerned NDT procedures. An indica¬ 
tion to this effect shall also be given in the pre-hydro inspec¬ 
tion release upon satisfactory completion. 


5 NONCONFORMITY CLEARANCE CHECK 

Nonconformance reports (NCRs) raised during the course of 
fabrication have to be cleared in all respects by the designated 
personnel and under no circumstances should there be any 
violation of the code while resolving a NCR. The disposal of 
NCRs also shall have to be whetted necessarily by the third- 
party inspection agencies. A format for the NCR is enclosed 
as Figure 8.2. 


6 SURFACE EXAMINATION 

Apart from the stated inspections, the entire inside and out¬ 
side surface of the vessel as well as nozzles, flanges, etc., are 
to be subjected to visual inspection. In case of arc strikes, tack 
welds, etc., they have to be dressed; either an MPT or LPT 
check has to be carried out; and records to this effect have to 
be maintained. This again to be incorporated in the pre-hydro 
inspection report. 


7 PAD AIR TEST 

All reinforcement pads of nozzles shall be air tested at a pres¬ 
sure of about 1.5 kg/cm 2 (22 psi) with soap solution applied 
all around the weld both inside and outside, including the weld 
between pad and the shell. This test has to be carried out be¬ 
fore the postweld heat treatment (PWHT) as no repair by 
welding is permitted after PWHT. This test is extremely im¬ 
portant in cases of thin walled vessels. 
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Figure 8.2 Nonconformance report. 
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8 SUMMARY SHEETS VERIFICATION 

Summary sheets for topics like NDT shall also be prepared as 
given in the sample MDR so that comprehensive checking of 
all the stipulated jobs can be done meticulously without fail. 
A sample summary sheet for radiography is enclosed as Fig¬ 
ure 8.3. 


9 POSTWELD HEAT TREATMENT 

The satisfactory completion of PWHT is another important as¬ 
pect to be verified. When testing of coupon plates is necessary, 
it is better to carry this out prior to the hydrostatic testing. 


10 HYDROSTATIC TEST PROCEDURE 

The pressure at which the hydraulic testing is to be carried 
out will be shown in the drawing. Usually it is 1.3 times the 
design pressure with temperature correction as applicable. 
When vessels are tested in vertical position, the pressure at 
the topmost point shall be at the required value. The following 
methodology may be followed for conducting of the hydrostatic 
test. The pressure shall be built up gradually to half the test 
pressure and allowed to stabilize at that level for about 5 min. 
Thereafter, the pressure may be increased in steps of Vio of 
the test pressure, each time allowing a stabilizing time not 
less than 2 to 3 min. The vessel needs to be kept at the test 
pressure until the examination of all weld joints is over. How¬ 
ever, it is a good general practice to hold the pressure for half 
an hour as this time is sufficient to carry out the inspection. 

11 PREPARATION FOR THE TEST 

Horizontal vessels that are mounted on saddles can be tested 
in that position on the saddles itself, provided the vessel is 
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Figure 8.3 Nondestructive testing summary report. 
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temporarily anchored against any toppling forces that may 
arise during the course of the test. 

In the case of very large vertical columns, it may not be 
possible to do the test in that position. For such vessels, the 
hydrostatic testing is done in a horizontal position on tempo- 
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Figure 8.4 Hydrostatic test report. 
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rary saddles made for this purpose. The requirement of the 
number of saddles needed during the test is decided by the 
design based on the total hydrostatic test weight and its 
loading. 

In all these cases, the vessel shall be completely filled 
with water such that the building up of the pressure will be 
very fast. In order to achieve this air vents shall be provided 
at all high points to prevent air locking. 

The pressure gauges may be provided at the topmost 
point, and a minimum of two shall be provided. Pressure 
gauges may be connected only after a valve of sufficient rating 
so that a defective gauge can be removed without obstructing 
the test. A similar arrangement shall be provided for the pres¬ 
surizing device also. 

12 GAUGES 

An indicating type of gauge shall be provided directly on the 
vessel. As errors are a common feature on pressure gauges, it 
is always recommended to have two gauges fitted to the vessel. 
For large vessels, it is recommended to have a pressure re¬ 
corder. The normal range required for a pressure gauge is dou¬ 
ble the test pressure, but in no case less than IV 2 times or more 
than 4 times the test pressure. The gauges and recorder shall 
be calibrated against a deadweight tester or calibrated master 
gauge and shall have valid calibration on the date of test. 

13 RECORDS 

A hydrostatic test certificate signed by the witnessing agency 
along with the pressure time chart (if possible) will form the 
documentation for the test. A sample format of this certificate 
is shown in Figure 8.4. 
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Post-Hydrostatic Test Cleaning 


1 GENERAL 

After hydrostatic testing, the vessel has to be dried and 
cleaned to a satisfactory level. Any internals removed for facil¬ 
itating the hydro test have to be fitted back or be sent as loose 
parts with due information to the concerned. 

2 INSIDE INSPECTION 

The inside has to be inspected for debris and sediments col¬ 
lected during the hydrostatic testing. The vessel has to be 
cleaned well using conventional methods or by the use of dry 
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air. All sediments, rust, slag, etc., has to be removed using 
damp cotton waste. 

In the event that any coating has to be applied, this shall 
be done after the specified cleaning is carried out. As this does 
not fall under the scope of fabrication, it is not discussed in 
this write-up. 


3 BOXING UP 

Upon completion of cleaning, the fittings removed during test¬ 
ing are fitted back. If all internals are in position, the vessel 
can be cleared for boxing up. 

The nozzles where piping is expected are usually left 
open, whereas manholes will have blind flanges. There is a 
chance of rainwater entering through these open nozzles, re¬ 
sulting in the corrosion of the interior during storage of the 
vessel at site while awaiting installation. Therefore, as a good 
engineering practice all nozzles shall be blanked using tempo¬ 
rary blind flanges of at least 5-mm-thick plates with at least 
four bolts with rubber gasket between them. 

In addition a few bags of silica gel shall be hung inside 
the vessel from some of the nozzles in order to prevent the 
humidity from acting against the walls of the vessel. 


4 PAINTING OF EXTERIOR 

In general, manufacturers do only a primer coating just for 
transportation purpose. Proper cleaning shall be carried out 
prior to painting. Since the coating itself is a major topic and 
does not form a part of the manufacturing process, it is not 
discussed here. Therefore, upon completion of final primer 
coating of the vessel, the vessel is considered to be ready for 
dispatch. 
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5 INSPECTION RELEASE 

In order to issue an inspection release certificate (IRC), the 
complete scope of delivery shall be known. Of those items spec¬ 
ified in the order, a majority of the items compose the main 
vessel itself. However, there may be items to be sent sepa¬ 
rately. Therefore, a complete list of items which form the ves- 
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Figure 9.1 Inspection release certificate. 
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sels and the balance loose items (sent separately) is to be pre¬ 
pared and certified by the planning department and 
countersigned by the production and QA/QC departments. 
The loose items shall be tagged with part numbers and sent 
with a separate packing list. 

An IRC is prepared based on these packing lists with suit¬ 
able remarks on status of the job, percentage completion, etc., 
for the client (see Figure 9.1). 
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Documentation 


1 GENERAL 

The final documents that are sent along with the equipment 
to the client are called the manufacturer’s data report (MDR). 
In order to prepare this, the manufacturer shall have a master 
document pertaining to the vessel that contains all the rele¬ 
vant details of manufacture. This is the working file of the 
QAC department and shall have the following documents in 
it: 

1. Material test certificate for each pressure part listed 
in the fabrication drawings. 

2. Material identification reports by the in-house QAC 
as well as appropriate third parties 
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3. Stagewise inspection reports 

4. Welding inspection reports 

5. Nondestructive testing (NDT) reports and a sum¬ 
mary 

6. Postweld heat treatment (PWHT) reports 

7. Prehydrostatic test inspection release 

8. Subsequent NDT reports (if applicable) 

9. Hydrostatic test report 

10. Posthydrostatic test cleaning/boxing up clearance 

11. Final inspection release certificate (IRC) 

Apart from these, all QAC procedures, including the QAP, 
welding procedure specifications (WPS), procedure qualifica¬ 
tion records (PQRs), WQT, nondestructive testing (radio- 
graphic, ultrasonic, magnetic particle, and liquid penetrant), 
postweld heat treatment (PWHT), and final hydrostatic test¬ 
ing (HT) procedures shall be compiled separately with due ap¬ 
proval of the concerned client/third-party inspection agency. 
Out of these, only the WPS needs to be incorporated in the 
MDR. 

2 MANUFACTURER S DATA 
REPORT DOCUMENTS 

The following documents shall constitute the final MDR. 

1. The facing sheet (Figure 10.1). 

2. Index for the manufacturer’s data report (Figure 

10 . 2 ). 

3. Inspection certificate from the third-party inspec¬ 
tion agency. 

4. Certificate of manufacture or general certificate, as 
applicable (Figure 10.3 or Figure 10.4). 

5. ASME Forms Ul, U1A, U2, U2A, U3, and U4, as 
applicable. 

6. Guarantee certificate (Figure 10.5). 
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Figure 10.1 MDR cover sheet. 
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QUALITY ASSURANCE AND CONTROL DEPARTMENT 
MANUFACTURER'S DATA REPORT (INDEX! 
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Figure 10.2 MDR index. 























































Documentation 


177 


Emblem 


QUALITY ASSURANCE AND CONTROL DEPARTMENT 
CERTIFICATE OF MANUFACTURE_ 


Purchaser 


Certificate Number 


Date 


Order Number 


Order Status 




Inspection Date 
(Final) 



WELDED PRESSURE VESSEL 


Item No. & Description 


Design Code or 
Standard_ 


Size 


Job Order No. 


Drawing No(s). 


Design Pressure 

& Temperature 


Type of Construction 


Method of Support 


Internal Equipment 


Non-Destructive Tests 


Compensating Pad(s) 
Air Test _ 


Postweld Heat 
Treatment 


Pressure Test, Medium 
and Duration 


Design & Drawing 
Approval_ 


Remarks 


Stamping Details 


Attachments 


Authorized 

Representative 


Figure 10.3 Certificate of manufacture. 
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Figure 10.4 General certificate. 
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QUALITY ASSURANCE AND CONTROL DEPARTMENT 


GUARANTEE CERTIFICATE 
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Drawing No(s 
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Figure 10.5 Guarantee certificate. 
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7. Material summary report with an index to materials 
test certificate (MTC) (Figure 10.6). 

8. Welding procedure specification summary with a 
weld map (Figure 10.7). 

9. Welding procedure specifications. 

10. NDT summary with weld map. 

11. NDT reports. 

12. Pad air test reports. 

13. Calibration reports of pressure gauges used for pad 
air test. 

14. PWHT reports and charts. 

15. Calibration reports of recorders and thermocouples. 

16. Hydrostatic test reports. 

17. Calibration reports of pressure gauges and re¬ 
corders. 

18. Rub off of stamping on the vessel endorsed by the 
third-party inspection agency (Figure 10.8). 

19. Inspection release certificate (Figure 10.9). 

3 MASTER DOCUMENT 

When a pressure vessel is manufactured, the QAC department 
shall have the following original documents for making the 
MDR: 

1. The original material test certificates of all pressure 
parts and those attached directly to the vessel 

2. Original approved QAP, ITP, WPS, PQR, WQT, NDT 
procedures, PWHT procedures, HT procedures 

3. All original inspection details like material identifi¬ 
cation, fit-up, welding, etc. 

4. NDT reports 

5. Pad air test reports 

6. PWHT reports/calibration reports 

7. Hydrostatic test report/calibration reports 
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Figure 10.6 Material quality report. 
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Figure 10.7 Summary of welding procedure specifications. 

8. Rub off 

9. Inspection release certificate. 

Apart from these the QAC department has many other docu¬ 
ments which will be dealt with separately. 


4 ASME CODE FORMS 

For ASME U stamp vessels, it is mandatory to fill out Form 
U1 or U1A, U2, U2A, U3, or U4, as specified in UG-120. These 
forms shall be used to register the vessel by filing it with Na¬ 
tional Board of Pressure Vessel Inspectors, 1055 Crupper Ave¬ 
nue, Columbus, Ohio 43229. These formats are given in Ap¬ 
pendix W of ASME Section VIII Div (1). The instructions for 
filling out the forms are given in Table W3 and Table W3.1 of 
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RUB OFF / NAME PLATE DETAILS 



Figure 10.8 Details of rub off/name plate. 
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Figure 10.9 Inspection release certificate. 


Appendix W. A sample form U4 is shown in Appendix W Fig 
W 3.1. 

5 RETENTION OF RECORDS 

All the originals pertaining to the above equipment shall be 
maintained by the QAC department for a period of 5 years, 
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and all RT films shall be kept for a period of 2 years. After this 
they can be disposed of at the discretion of the manufacturer. 
However, a brief summary shall be maintained in the data¬ 
bank. 
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Radiographic Testing Procedure 
for Pressure Vessels 


1 SCOPE 

The following test procedure is written in accordance with 
ASME Section V Article 2, “Radiographic Examination,” for 
Pressure Vessels fabricated under ASME Section VIII Div (1). 

2 QUALIFICATION OF PERSONNEL 

2.1 Nondestructive testing personnel shall be qualified 
in accordance with the company’s written practice established 
in compliance with SNT-TC-1A of ASNT, “Personnel Qualifi¬ 
cation and Certification in Non-Destructive Testing.” 
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2.2 Radiographers certified to RT Level I, under the su¬ 
pervision of RT Level II radiographers, may perform radio- 
graphic testing. 

2.3 RT Level II or III radiographers or their designates 
may interpret radiographs. 

2.4 Radiographers shall be licensed by the Atomic En¬ 
ergy Regulatory Board or other statutory authority of the 
country to perform RT. 


3 EQUIPMENT 

3.1 Industrial x-ray units or radioactive isotopes may be 
used for radiography depending on requirement. 

3.2 For normal thickness in the range of 10 to 75 mm 
of steel, x-ray machines with 350 kV and 6 mA and an iridium- 
192 isotope source will produce satisfactory results. 

3.3 Andrex, Rich Siefert, Gilardoni, and Siemens are 
some of the good makers of x-ray machines. Tech Ops, Tele- 
tron, and Amersham are some of the good makers of gamma 
ray sources. 

3.4 The size of the focal spot for the x-ray machine and 
the size of the source shall be capable of meeting the geometric 
unsharpness limitation as specified in T-285. 


4 SURFACE PREPARATION 

4.1 Materials. The surface shall satisfy the require¬ 
ments of applicable material specification with additional con¬ 
ditioning, if necessary, by any suitable process to a degree that 
surface irregularities cannot mask or be confused with discon¬ 
tinuities. 

4.2 Welds. The weld ripples or weld surface irregularit¬ 
ies on both the inside (wherever accessible) and outside shall 
be removed by any suitable process to such a degree that the 
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resulting radiographic image, due to any irregularities, cannot 
mask or be confused with the image of any discontinuity. 

4.3 Surface finish. The finished surface of all butt welds 
may be flush with the base metal or may have reasonably uni¬ 
form crowns, with reinforcement not to exceed that specified 
in clause UW35 of ASME Section VIII Div (1). 


5 DETECTION AND PREVENTION 
OF BACK SCATTER 

5.1 As a check of the back-scattered radiation, a 12-mm 
lead letter B of 1.5 mm thickness is attached to the back of 
the film holder during RT. If a light image of the B appears 
on the radiograph, it indicates that back-scattered radiation 
is excessive. 

5.2 Wherever practical, a 2- to 3-mm-thick lead sheet or 
additional layer of intensifying screen will be placed at the 
back of the film holder during radiographic exposure to shield 
the film from scattered radiation. 


6 SYSTEM IDENTIFICATION 

6.1 A system shall be devised to produce permanent 
identification on the radiograph traceable to the contract, com¬ 
ponent, and weld or part numbers as appropriate. In addition, 
the manufacturer’s name and the date of the radiograph shall 
be included. In no case is the identification provided to inter¬ 
fere with the weld under examination. 


7 THICKNESS RANGE 

7.1 The recommended thickness of steel and steel alloys 
for the sources is as follows. 





190 


Chapter 11 


Source 

Steel thickness 

X-ray generator 350 kV & 6mA 
Iridium-192 gamma ray source 

10 to 80 mm 

10 to 75 mm 


However, this limitation may be extended when the radio- 
graphic technique used demonstrates that the required radio- 
graphic sensitivity has been obtained or when agreement has 
been obtained from all parties concerned. 


8 FILM AND SCREEN TYPE 

8.1 Radiographs shall be made using industrial radio- 
graphic films of type 2 (i.e., fine grain, high contrast). Exam¬ 
ples are Kodak AA, Agfa Geavert D7, Fuji 100, and Dupont 
65. However, when type 2 films fail to achieve the required 
sensitivity for thinner materials, type 1 films may be used. 

8.2 All unexposed films shall be stored in a clean dry 
place so that they are protected from the effects of heat, undue 
pressure, radiation, light, and damaging fumes or vapors. 

8.3 Lead foil intensifying screens, each of 0.125 mm 
thickness shall be placed on either side of the film in close 
contact to the film and shall be loaded in light-proof film 
holders. 

8.4 Lead screens shall be free from scratches, dirt, 
dents, and moisture, which may impair the quality/sensitiv- 
ity of the film or induce false indication/image on processed 
films. 


9 RADIOGRAPHIC TECHNIQUE 

9.1 A single-wall exposure technique shall be used for 
radiography whenever practical. In cases where this is not 
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possible, a double-wall technique may be used. Adequate num¬ 
ber of exposures shall be made to demonstrate that the re¬ 
quired coverage has been obtained. 

9.2 In the single-wall technique, the radiation passes 
through only one wall of the weld that is viewed for acceptance 
on the radiograph. 

9.3 In the double-wall technique, there are two options 
based on the size of the object being radiographed. 

1. In single-image viewing, the radiation passes 
through the two walls but the image of the weld 
on the film-side wall is viewed for acceptance on 
the radiograph. When complete coverage is re¬ 
quired for the circumferential seam weld, a min¬ 
imum of three exposures shall be taken at 120° 
apart. 

2. For materials and welds in components of 80 NB 
or less in nominal diameter, a technique may be 
used in which the radiation passes through the 
two walls and the weld in both the walls is re¬ 
viewed for acceptance on the same radiograph. 
For double-image viewing, only source-side pen- 
etrameter alone shall be used. When complete 
coverage is required, a minimum of two expo¬ 
sures shall be taken at 90° to one another. 


10 RADIOGRAPHIC PROCEDURES 

The following procedures are applicable for gamma ray radiog¬ 
raphy, which is most commonly used in pressure vessel manu¬ 
facture. These procedures are capable of meeting all the re¬ 
quirements specified in the referencing code if followed 
meticulously. 
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10.1 Procedure Number RT 01 


Component 

Girth butt weld in pipes 

Material 

Carbon steel/alloy steel/stainless 
steel 

Diameter 

Above 80 NB up to 150 NB 

Thickness 

Any pipe schedule 

Welding process 

Fusion welding 

Equipment 

Tech-Ops Model 660 with remote 
control 

Radiation source 

Irirdium-192 

Source strength 

5 to 50 Ci 

Source size 

2 mm X 2 mm 

Film type 

ASTM Type II or better 

Intensifying screen 

Lead screen 0.125 mm front and 
back 

Radiographic technique 

Double-wall single-image 

Source-to-film distance (SFD) 

Pipe outside diameter 

Number of exposures 

Minimum three exposures at 120° 
apart and four for schedule 160 
or xxs pipes 

Image quality indicator (IQI) 

As per Table T-276 

IQI position 

Film or source side 

Density 

2.0 to 4.0 

Sensitivity 

As per Table T-276 

End View 

Side View 
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10.2 Procedure Number RT 02 


Component 

Girth and longitudinal butt weld in pipes 

Material 

Carbon steel/alloy steel/stainless steel 

Diameter 

200 NB or greater 

Thickness 

Any pipe schedule 

Welding process 

Fusion welding 

Equipment 

Tech-Ops Model 660 with remote control 

Radiation source 

Iridium-192 

Source strength 

5 to 50 Ci 

Source size 

2 mm x 2 mm 

Film type 

ASTM Type II or better 

Intensifying screen 

Lead screen 0.125 mm front and back 

Radiographic technique 

Double-wall single-image 

SFD 

Pipe outside diameter 

Number of exposures 

Minimum three exposures at 120° apart 

IQI 

As per Table T-276 

IQI position 

Film or source side 

Density 

2.0 to 4.0 

Sensitivity 

As per Table T-276 


End View Side View 
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10.3 Procedure Number RT 03 


Component 

Girth butt weld in pipes 

Material 

Carbon steel/alloy steel/stainless steel 

Diameter 

600 NB or greater 

Thickness 

10 mm and above 

Welding process 

Fusion welding 

Equipment 

Tech-Ops Model 660 with remote control 

Radiation source 

Iridium-192 

Source strength 

5 to 50 Ci 

Source size 

2 mm X 2 mm 

Film type 

ASTM Type II or better 

Intensifying screen 

Lead screen 0.125 mm front and back 

Radiographic technique 

Single-wall single-image (panoramic) 

SFD 

Radius of pipe 

Number of exposures 

Single exposure 

IQI 

As per Table T-276 

IQI position 

Film or source side 

Density 

2.0 to 4.0 

Sensitivity 

As per Table T-276 

End View 

Side View 
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10.4 Procedure Number RT 04 


Component 

Girth and Longitudinal butt weld in pipes 

Material 

Carbon steel/alloy steel/stainless steel 

Diameter 

600 NB or greater 

Thickness 

10 mm and above 

Welding process 

Fusion welding 

Equipment 

Tech-Ops Model 660 with remote control 

Radiation source 

Iridium-192 

Source strength 

5 to 50 Ci 

Source size 

2 mm x 2 mm 

Film type 

ASTM Type II or better 

Intensifying screen 

Lead screen 0.125 mm front and back 

Radiographic technique 

Single-wall single-image 

SFD 

Minimum of 300 mm 

Number of exposures 

Single exposure 

IQI 

As per Table T-276 

IQI position 

Film or source side 

Density 

2.0 to 4.0 

Sensitivity 

As per Table T-276 

End View 

Side View 









196 


Chapter 11 


10.5 Procedure Number RT 05 


Component 

Girth butt weld in small diameter pipes 

Material 

Carbon steel/alloy steel/stainless steel 

Diameter 

65 NB or less 

Thickness 

Schedule 160 

Welding process 

Fusion welding 

Equipment 

Tech-Ops Model 660 with remote control 

Radiation source 

Iridium-192 

Source strength 

5 to 50 Ci 

Source size 

2 mm X 2 mm 

Film type 

ASTM Type II or better 

Intensifying screen 

Lead screen 0.125 mm front and back 

Radiographic technique 

Double-wall single-image (elliptical) 

SFD 

Minimum of 300 mm 

Number of exposures 

Minimum two exposures at 90° to one another 

IQI 

As per Table T-276 

IQI position 

Film or source side 

Density 

2.0 to 4.0 

Sensitivity 

As per Table T-276 


End View Side View 
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10.6 Procedure Number RT 06 


Component 

Material 

Diameter 

Thickness 

Welding process 

Equipment 

Radiation source 

Source strength 

Source size 

Film type 

Intensifying screen 

Radiographic technique 

SFD 

Number of exposures 
IQI 

IQI position 

Density 

Sensitivity 


Girth butt weld in small diameter pipes 
Carbon steel/alloy steel/stainless steel 
65 NB or less 
Schedule 160 
Fusion welding 

Tech-Ops Model 660 with remote control 
Iridium-192 
5 to 50 Ci 
2 mm x 2 mm 
ASTM Type II or better 
Lead screen 0.125 mm front and back 
Double-wall double-image (superimposed) 
Minimum of 300 mm 
Minimum three exposures at 120° to one 
another 

As per Table T-276 
Film or source side 
2.0 to 4.0 

As per Table T-276 


End View 


Side View 


Source 


Source 
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11 GEOMETRIC UNSHARPNESS 

The focus-film distance necessary to reduce geometric un¬ 
sharpness to a negligible amount depends upon the film or film 
screen combinations, focal spot size, and object film distance: 

Ft 

Geometric unsharpness (Ug) = — 

do 


where 

F = size of radiation source 

t = specimen thickness where the specimen is in 
contact with film 
do = source object distance 

When required by the referencing code, geometric un¬ 
sharpness of the radiograph shall not exceed the values given 
below. 


Material thickness 

Maximum Ug 

(mm) 

(mm) 

Under 50 mm 

5.0 

50-75 mm 

7.5 

75-100 mm 

10.0 

Greater than 100 mm 

17.8 


12 DIRECTION OF RADIATION 

The direction of the central beam of radiation should be cen¬ 
tered on the area of interest whenever practical. 

13 LOCATION MARKERS 

Location markers which are to appear as a radiographic image 
on the film shall be placed on the part, not on the exposure 
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holder/cassette. The location shall be permanently marked on 
the surface of the part being radiographed when permitted, 
or on a weld map, in a manner permitting the area of interest 
on a radiograph to be accurately traceable to its original loca¬ 
tion on the part for the required retention period of the radio¬ 
graph. 


14 IMAGE QUALITY INDICATORS 

14.1 IQI Selection 

Penetrameters shall be either hole type or wire type and shall 
be manufactured and identified in accordance with the re¬ 
quirements in SE 1025 (for hole type) and SE 747 (for wire 
type) and its appendices. ASME standard penetrameters shall 
consists of those in Table T233.1 for hole type and those in 
Table T233.2 for wire type. The penetrameter shall be made 
of a material radiographically similar to the material under 
examination. The thickness on which the penetrameter selec¬ 
tion is based is the normal single wall thickness plus the esti¬ 
mated weld reinforcement. 

14.2 Placement of IQI 

The penetrameter(s) shall be placed on the source side of the 
component being examined. If this is practically inaccessible, 
the IQI may be placed on the film side with the lead letter F 
to indicate that the IQI is placed on the film side. This letter 
F shall in no way interfere with the weld area that is under 
scrutiny. Equivalent sensitivity between source-side and film- 
side penetrameters can be established when required. 

The penetrameter(s) may be placed adjacent to or on the 
weld. The identification numbers and, when used, the letter 
F shall not be in the area of interest, except when geometric 
configuration makes it impractical. Wire type penetrameters 
can be placed over the weld so that the length of wires is per¬ 
pendicular to the weld. 
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14.3 Number of IQI 

For cylindrical vessels or flat surfaces where one or more films 
are taken in one exposure, at least one penetrameter image 
shall appear on each radiograph at the end of the diagnostic 
film length. In the case of the wire type penetrameter, the 
smallest wire shall be facing the extreme end of the film. 

An exception to this shall be for panoramic exposure (a 
single exposure of a complete circumference); a minimum of 
three penetrameters shall be placed equally at 120° apart 
around the circumference. Where sections of additional longi¬ 
tudinal seams are radiographed simultaneously, additional 
penetrameters shall be placed on each segment of the longitu¬ 
dinal seam being radiographed. 


15 QUALITY OF RADIOGRAPH 

All radiographs shall be free from mechanical, chemical, or 
other blemishes to the extent that they do not mask and are 
not confused with the image of any discontinuity in the area 
of interest of the object being radiographed. Such blemishes 
shall include but are not limited to 

1. Fogging 

2. Processing defects such as water streaks, water 
marks, or chemical stains 

3. Scratches, finger marks, crimps, dirt, static marks, 
smudges, or tears 

4. False indications due to defective screen 


16 DENSITY OF RADIOGRAPH 

The transmitted film density through the image of the body 
of the appropriate hole type penetrameter or adjacent to the 
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designated wire type penetrameter and the area of interest 
shall be 1.8 minimum for single viewing for radiographs made 
from x-ray source and 2.0 minimum for radiographs made 
from y-ray source. For composite viewing of multiple film expo¬ 
sures, each film of the complete set shall have a minimum den¬ 
sity of 1.3. The maximum density shall be 4.0 for either single 
viewing or composite viewing. A tolerance of 0.05 density is 
permitted for variations between densitometer readings. 

If the density of the radiograph varies by more than 
— 15% to +30% for the density through the body of the hole 
type penetrameter, within minimum and maximum allowable 
density range, the additional penetrameter shall be used for 
each exceptional area and the radiograph retaken. 

The film density can be checked with a calibrated densi¬ 
tometer or by a visual comparison against film density strip. 


17 SENSITIVITY OF RADIOGRAPH 

17.1 The radiograph shall have sufficient sensitivity to 
display the hole penetrameter image and the specified hole, 
or the designated wire of a wire type penetrameter, which 
are essential indications of the image quality of the radio¬ 
graph. The radiographs also shall display the identification 
numbers and letters. The requirements for this are given in 
Table T276. 

17.2 Alternatively the radiographic sensitivity can also 
be calculated in the case of wire type penetrameters based on 
single-wall thickness as follows. 

17.3 For objects of transition thickness, the thickness of 
the thinner section shall be considered. 

17.4 IQI Sensitivity = (thickness of the thinnest wire 
visible) X 100/thickness of the material. 

17.5 The following table depicts the expected radio- 
graphic sensitivity for typical gamma ray technique. 
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Specimen 

thickness 

(mm) 

IQI sensitivity 
percentage for 
wire type 
penetrameters 

6 

_ 

12 

2.1 

25 

1.6 

35 

1.4 

50 

1.3 

75 

1.1 


18 FILM PROCESSING 

18.1 The process considered here is manual processing. 

18.2 No more film should be processed than can be ac¬ 
commodated with a minimum separation of 12.7 mm. 

18.3 The temperature and time of development shall 
conform to the manufacturer’s recommendations. However 
the normal development time is 5 to 8 min at 68°F (20°C). 

18.4 The film will be loaded in a hanger and slowly im¬ 
mersed in the developer, continuously agitated vertically and 
horizontally for a few seconds at 1-min interval for approxi¬ 
mately 5 min. 

18.5 After the development is complete, the films will 
be immersed in the stop bath acid or by rinsing with vigorous 
agitation in clear water to discontinue the activity of the devel¬ 
oper that remains in the emulsion for at least 30 sec. 

18.6 After the stop bath, the films will be immersed in 
the fixer (films must not touch one another in the fixer) and 
agitated vertically for at least 10 sec and again at the end of 
first minute, to ensure uniform and rapid fixation. The films 
will be kept in the fixer until fixation is complete (that is at 
least twice the time needed to clear an unexposed film), but 
not more than 15 min in relatively fresh fixer. Frequent agita¬ 
tion will shorten the fixation time. 

18.7 The use of hypoeliminator or fixer neutralizer be¬ 
tween fixation and washing may be advantageous. 
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18.8 The films will be immersed in fresh water and 
rinsed for at least 5 min to ensure complete removal of the 
fixer that may remain in the emulsion. The films will be 
dipped in wetting agent for approximately 15 sec to facilitate 
quick and even drying of the films. 

18.9 The washing efficiency is a function of wash water, 
its temperature and flow, and the film being washed. Gener¬ 
ally washing is very slow below 60°F (16°C). When washing 
at temperature above 85°F (30°C), care shall be exercised not 
to leave films in the water for too long. 

18.10 The films are then left in the drier or left at ambi¬ 
ent temperature for drying. 

19 VIEWING OF RADIOGRAPHS 

The radiograph shall be examined by diffused light in a dark¬ 
ened room and the illuminated area shall be masked to the 
minimum required for viewing the radiographic image, the 
edges of the radiograph shall always be masked. 

Sufficient time shall be allowed for the film interpreter’s 
eye to become adapted to the lighting conditions in the viewing 
room before radiographs are interpreted. 

20 DOCUMENTATION 

20.1 Interpretation of radiographs shall be recorded on 
the standard radiographic report format that shall include the 
following details. 

1. Job identification 

2. Name of the company 

3. Radiographic technique 

4. Density 

5. Sensitivity 

6. Name of the radiographer 

7. Date of radiography 

20.2 Radiographs of each component with the report 
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shall be presented to the client in a folder with all necessary 
information, including the interpretation and signature of the 
concerned. 

20.3 A copy of the report shall be maintained by the 
company that performs the radiography in their records for 
future reference. 

20.4 A radiographic logbook consisting of records of 
each job performed with report reference number shall also be 
maintained by the NDT company for traceability. 

21 ACCEPTANCE CRITERIA 

Acceptance or rejection of the weld shall be in accordance with 
ASME Section VIII Div (1). 

22 IDENTIFICATION OF RADIOGRAPHS 

22.1 Identification for Single-Wall Single-Image 
or Double-Wall Single-Image (Superimposed) 
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22.2 Identification for Double-Wall Double- 
Image (Elliptical) 


Location Marker 



Location Marker 
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23 REPORT FORMATS 


EMBLEM 


RADIOGRAPHIC EXAMINATION REPORT 


Order No. 


Sheet 

Purchaser 


Attachment to 
Certificate No 

Description 


Date 

1 _ 

Drawing Nofs) 



Material 


1 1 1 >11 — 


Welding Process 






Extent of Test 



X-Ray 






kV 


Isotope 




mA 


Strength 


101 Placement 


Exposure 

Time 


Exposure 

Time 


Lead Screen: Front 


: Back 


SFD 


SFD 


Density 


rTzmm 

E5BJ 


Source 

Size 


Sensitivity 



SKETCH 
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EMBl.EM 


RADIOGRAPHIC EXAMINATION REPORT- ANNEXURE 
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Ultrasonic Testing 
for Pressure Vessels 


1 SCOPE 

This testing procedure describes the methods and require¬ 
ments for ultrasonic examination of welds of pressure vessels 
fabricated under ASME Section VIII Div (1). The procedure is 
written in accordance with ASME Section V Article 5, Ultra¬ 
sonic Examination Method for Materials and Fabrication. 

This procedure covers ultrasonic examination of plates, 
forgings, butt welds, set-on, set-in, and set-through nozzle welds. 

2 QUALIFICATION OF PERSONNEL 

The ultrasonic testing (UT) operator shall be qualified in ac¬ 
cordance with the company’s written practice established in 
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compliance with ASNT recommended practice SNT-TC-1A, 
Personnel Qualification and Certification in Non-Destructive 
Testing. 

The UT operators certified to NDT Levels II or III shall 
perform the test within the scope of their certification, i.e., 
they shall only perform tests/interpret results on the weld cat¬ 
egories (butt welds in pipes and plate, nozzle weld, etc.) for 
which they are qualified/certified. 


3 EQUIPMENT 

Necessary equipment shall incorporate the following charac¬ 
teristics: 


1. A portable ultrasonic pulse reflection system (A scan 
presentation), generating pulses of frequency in the 
range of 1 to 5 MHz will be used for the purpose. In¬ 
struments like the Krautkramer USM-2, USK-6, and 
USK-7 or later versions will provide satisfactory re¬ 
sults. 

2. Probes of either single crystal or double crystal, 
round or square, with size ranging from 6.4 to 25.4 
mm shall be used. The probe shall produce a second 
beam (shear wave) in the material being tested 
within ±2° of the following refracted angles; 45°, 60°, 
or 70°. For straight probes (0°), a 2.5-MHz frequency 
is recommended, and that for angled probes is 4.0 
MHz. 

3. Screen height linearity. The ultrasonic instrument 
shall provide linear vertical presentation within ±5% 
of the full screen height for 20 to 80% of the calibrated 
screen height (that is, base line to the maximum cali¬ 
brated screen points). 

4. Amplitude control linearity. The ultrasonic instru¬ 
ment shall utilize an amplitude control, accurate over 
its useful range to ±20% of the nominal amplitude 
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ratio, to allow measurement of indications beyond the 
linear range of the vertical display on the screen. 

5. Checking and calibration of equipment. As a mini¬ 
mum requirement, the proper functioning of the ex¬ 
amination equipment shall be checked and calibrated 
using the calibration standard at the beginning and 
end of each examination, every 4 hr during examina¬ 
tion, or when the examination personnel are changed 
and at any time when malfunctioning is suspected. 

In any such checks, if any malfunctioning is no¬ 
ticed, all the testing carried out since the last check 
shall be carried out again using another instrument. 

4 REFERENCE AND CALIBRATION STANDARDS 

1. IIW VI block. This block is used for general calibra¬ 
tion and equipment checks. 

2. IOW block. This block is used to construct beam pro¬ 
files and provide a resolution check for shear wave 
probes. 

3. Distance amplitude correction (DAC) blocks. These 
blocks are made per ASME Section V Article 5 clause 
T 542 for plotting the DAC. The blocks shall be of the 
same material as that of the test material and meet 
the requirements of the governing codes and specifi¬ 
cations. 

5 COUPLANT 

Grease, oil, water-based paste (cellulose), or any other suitable 
liquid may be used as the couplant. The same couplant shall 
be used in calibration and production testing. 

6 SURFACE PREPARATION 

The examination surface shall be free from weld spatters, scal¬ 
ing, pitting, irregularities, foreign matter, or thick coating. 
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which could interfere with the ultrasonic wave transmission. 
When needed, grinding may be done on the surface to be exam¬ 
ined to obtain satisfactory and reliable results. 


7 GENERAL EXAMINATION REQUIREMENTS 

7.1 Examination Coverage 

The full volume of the material or the weld shall be examined 
by moving the search unit (probe) over the examination sur¬ 
face. Each pass of the search unit shall overlap a minimum of 
10% of the transducer (piezoelectric crystal) dimension per¬ 
pendicular to the direction of the scan. 

7.2 Rate of Search Unit Movement 

The rate of search unit movement for examination shall not 
exceed 150 mm/sec, unless the calibration is verified at the 
scanning speed. 

7.3 Recording Sensitivity Level 

The examination and recording of indications shall be made 
with respect to the reference level. 


8 CALIBRATION 

8.1 Basic Calibration Blocks 

The basic calibration reflectors shall be used to establish the 
primary reference response of the equipment. The material 
from which the block is made shall be of the same or from the 
same P. number grouping as that of the material under test. 

8.2 Basic Calibration Reflectors 

The basic calibration reflectors are specified in T 542. For 
welds on surfaces which are flat or whose diameter is above 
500 NB, flat basic calibration blocks as specified in Fig. T 
542.2.1 may be used. For welds on curved surfaces whose di- 
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ameter is less than 500 NB, curved calibration blocks as speci¬ 
fied in T 542.3.5 shall be used. 

8.3 Distance Amplitude Correction Curve 
(Primary Reference Level) 

1. The search unit shall be positioned for maximum re¬ 
sponse from the reference block hole, which gives the 
highest amplitude. 

2. The sensitivity control shall be adjusted to provide 
80% full screen height indication from the hole. The 
peak of the indication shall be marked on the screen. 

3. The search unit shall be positioned for maximum re¬ 
sponse from one of the other holes. The peak of the 
indication shall be marked on the screen. 

4. The search unit shall be positioned for maximum am¬ 
plitude from the third hole and the peak shall be 
marked on the screen. 

5. The search unit shall be positioned for maximum am¬ 
plitude from the 3 AT hole, after the beam has been 
reflected from the opposite surface. The peak shall be 
marked on the screen as the 5 AT position. 

6. The screen marks for the side-drilled holes shall then 
be connected to get the distance amplitude correction 
curve. 

9 TRANSFER LOSS/CORRECTION 

The transfer loss is determined by noting down the difference 
in response received from the reference reflector in the basic 
calibration block and the production material. The difference 
is then added to the pregain control setting. 

10 SCANNING 

10.1 Straight Beam 

The scanning of the adjacent base material shall be performed 
to detect reflectors or laminations that might affect the inter- 
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pretation using the angle beam examination and is not to be 
used as acceptance/rejection criteria. Locations and areas of 
such reflectors are to be recorded in the report. 

The scanning shall be performed at a gain setting of at 
least 2 times the primary reference level. However, the evalu¬ 
ation shall be carried out with respect to the primary reference 
level only. 

10.2 Angle Beam 

For longitudinal discontinuities, the angle beam shall be di¬ 
rected at approximately right angles to the weld axis from two 
directions wherever possible. The search unit shall be manipu¬ 
lated so that the ultrasonic energy passes through the re¬ 
quired volume of the weld and adjacent base metal. 

The scanning shall be performed at a gain setting of at 
least 2 times the primary reference level. However, the evalu¬ 
ation shall be carried out at the primary reference level itself. 

For transverse discontinuities, the angle beam shall be 
directed approximately at 15° to the weld axis. 


11 DEFECT EVALUATION AND SIZING 

Any imperfection that causes an indication in excess of 20% 
of DAC shall be investigated to the extent that it can be evalu¬ 
ated in terms of the acceptance standards of the referencing 
code section. 

All the reflections from imperfections/defects will be max¬ 
imized from all angles to find the best angle which is most 
favorable to the defect orientation. 


12 REPORTS AND RECORDS 

12.1 Examination Reports 

A report of examinations shall be made and recorded in the 
proper format and shall contain at least the following details: 
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1. Project title/job number 

2. Weld identification 

3. UT procedure used 

4. Weld geometry 

5. Specification for acceptance 

6. Equipment used 

7. Couplant used 

8. Identification and frequency of the probe 

9. Surface condition 

10. Calibration blocks used 

11. Results of the test 

12. Name, signature, and qualification level of the oper¬ 
ator 

13. Date of test 

Any defect found shall be recorded with the following de¬ 
tails. 

1. Location of imperfection 

2. Size of imperfection 

3. Imperfection type assessment 

Reporting of defective areas shall be referred to a datum 
point which is acceptable to the client. 

Copies of approved reports shall be presented to the 
third-party inspector in order to review and accept reports 
prior to presentation to the client. Copies of the reports shall 
be retained by the agency who performs the test. 

12.2 Calibration Records 

Instrument calibration in accordance with previous sections 
shall be recorded in proper format. 

12.3 Evaluation Record 

Record of any evaluation of indications shall be maintained 
and documented. 
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13 CLEANING 

Cleaning of parts by detergent cleaning or any appropriate 
cleaning method is required when the couplant will interfere 
with the subsequent process to be carried out on the part or 
as required by the client as per applicable specification. 


14 ACCEPTANCE CRITERIA 

Acceptance or rejection of a component shall be evaluated in 
terms of the acceptance standard of ASME Section VIII Div 
(1), namely, Appendix 12. 


15 BASIC CALIBRATION BLOCK 


T/2 



Weld thickness, Basic calibration block 

Min.) thickness, T (in.) Hole diameter (in.) 
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16 ULTRASONIC TEST PROCEDURE 


Test Procedure 

UT 01 

Component 

Butt weld accessible 


from one side 

Weld preparation 

Single-V or single bevel 

Material thickness 

8 mm and above 


SI. no. 

Probe 

Angle 

Size (mm) 

Frequency (MHz) 

1 


0° 

10<(> 

2.5 twin crystal 

2 


45° 

8X9 

4.0 single crystal 

3 


60° 

8X9 

4.0 single crystal 

4 


70° 

8x9 

4.0 single crystal 


1. Straight probe; scan to one skip distance from the 
weld toe for lamination. 

2. Angle probe; maintain a fixed root scan at a stand¬ 
off distance of one-half skip. 

3. Angle probe; scan the whole volume of weld with ap¬ 
propriate angle probe. 
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Test Procedure 

UT 02 

Component 

Butt weld accessible 


from both sides 

Weld preparation 

Single-V or double-V 

Material thickness 

8 mm and above 


SI. no. 

Probe 

Angle 

Size (mm) 

Frequency (MHz) 

1 


0° 

10<{. 

2.5 twin crystal 

2 


45° 

8x9 

4.0 single crystal 

3 


60° 

8x9 

4.0 single crystal 

4 


70° 

8X9 

4.0 single crystal 


1. Straight probe; scan to one skip distance from the 
weld toe for lamination. 

2. Angle probe; maintain a fixed root scan at a stand¬ 
off distance of one-half skip. 

3. Angle probe; scan the whole volume of weld with ap¬ 
propriate angle probe. 



Angle Probe 
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Test Procedure 

UT 03 

Component 

Full penetration set on 


nozzles 

Weld preparation 

Single bevel 

Material thickness 

8 mm and above 


SI. no. 

Probe 

Angle 

Size (mm) 

Frequency (MHz) 

1 


0° 

10<(> 

2.5 twin ciystal 

2 


45° 

8X9 

4.0 single crystal 

3 


60° 

8X9 

4.0 single crystal 

4 


70° 

8X9 

4.0 single crystal 


1. Straight probe; scan to one skip distance from the weld 
toe on surface A for lamination. Scan on inner shell 
plate surface B for lack of fusion, cracking, and tearing. 

2. Angle probe; maintain a fixed root scan at a stand¬ 
off distance of one-half skip. 

3. Angle probe; scan the whole volume of weld on sur¬ 
face A with appropriate angle probes. 



Straight Probes 
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Test Procedure 

UT 04 

Component 

Full penetration set on 


nozzles 

Weld preparation 

Single bevel 

Material thickness 

8 mm and above 


SI. no. 

Probe 

Angle 

Size (mm) 

Frequency (MHz) 

1 


0° 

104 > 

2.5 twin crystal 

2 


45° 

8X9 

4.0 single crystal 

3 


60° 

8X9 

4.0 single crystal 

4 


70° 

8X9 

4.0 single crystal 


1. Straight probe; scan to one skip distance from the weld 
toe on surface A for lamination. Scan on inner shell 
plate surface B for lack of fusion, cracking, and tearing. 

2. Angle probe; maintain a fixed root scan at a stand¬ 
off distance of one-half skip. 

3. Angle probe; scan the whole volume of weld on sur¬ 
face A and surface C with appropriate angle probes. 
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Test Procedure 

UT 05 

Component 

Full penetration set in 


nozzles 

Weld preparation 

Single bevel 

Material thickness 

8 mm and above 


SI. no. 

Probe 

Angle 

Size (mm) 

Frequency (MHz) 

1 


0° 

10<t> 

2.5 twin crystal 

2 


45° 

8X9 

4.0 single crystal 

3 


60° 

8X9 

4.0 single crystal 

4 


70° 

8X9 

4.0 single crystal 


1. Straight probe: scan to one skip distance from the 
weld toe on surface A for lamination. Scan on nozzle 
bore, surface B, for imperfections parallel to the noz¬ 
zle axis for lack of fusion, cracking in the nozzle wall, 
and lack of penetration. 

2. Angle probe: maintain a fixed root scan at a stand¬ 
off distance of one-half skip. 

3. Angle probe: scan the whole volume of weld on face 
A with appropriate angle probes. 
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Test Procedure 

UT 06 

Component 

Full penetration set in 


nozzles 

Weld preparation 

Single bevel 

Material thickness 

8 mm and above 


SI. no. 

Probe 

Angle 

Size (mm) 

Frequency (MHz) 

1 


0° 

100 

2.5 twin crystal 

2 


45° 

8X9 

4.0 single crystal 

3 


60° 

8X9 

4.0 single crystal 

4 


70° 

8x9 

4.0 single crystal 


1. Straight probe: scan to one skip distance from the 
weld toe on surface A for lamination. Scan on nozzle 
bore, surface B, for imperfections parallel to the noz¬ 
zle axis for lack of fusion, cracking in the nozzle wall, 
and lack of penetration. 

2. Angle probe: maintain a fixed root scan at a stand¬ 
off distance of one-half skip. 

3. Angle probe: scan the whole volume of weld on sur¬ 
face A and surface C with appropriate angle probes. 
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Test Procedure 

UT 07 

Component 

Full penetration set through 


nozzles (accessible from 


both sides) 

Weld preparation 

Double bevel 

Material thickness 

8 mm and above 


SI. no. 

Probe 

Angle 

Size (mm) 

Frequency (MHz) 

1 


0° 

100 

2.5 twin crystal 

2 


45° 

8x9 

4.0 single crystal 

3 


60° 

8X9 

4.0 single crystal 

4 


70° 

8x9 

4.0 single crystal 


1. Straight probe: Scan to one skip distance from the 
weld toe on surface A for lamination. Scan on nozzle 
bore, surface B, for imperfections parallel to the noz¬ 
zle axis for lack of fusion, cracking in the nozzle wall, 
and lack of penetration. 

2. Angle probe: Scan the whole volume of weld on sur¬ 
face A and surface C with appropriate angle probes. 
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Test Procedure 

UT 08 

Component 

Plate material 

Material thickness 

100 mm and above 


SI. no. 

Probe 

Angle 

Size (mm) 

Frequency (MHz) 

1 


0° 

100 

2.5 twin crystal 


1. 0° probe: scan the whole plate from one edge to the 
other through the grid lines as shown in the sketch. 



Test Procedure UT 09 

Component Forging 

Material thickness 100 mm and above 


SI. no. 

Probe 

Angle 

Size (mm) 

Frequency (MHz) 

1 


0° 

100 

2.5 twin crystal 

2 


45“ 

8X9 

4.0 single crystal 

3 


60° 

8X9 

4.0 single crystal 

4 


70° 

8X9 

4.0 single crystal 


1. 0° probe and angle probes: scan the whole volume of 
forging to ensure 100% examination. 
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17 DETERMINATION OF INDEX POINT 



The angle probe is set in position A on IIW VI block. Maximize 
the size of the signal from the radius by moving the probe 
backward and forward parallel to the block edges. The point 
on the probe, which aligns with the line on the calibration 
block, is indicative of the point of sound entry (index point). 
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18 DETERMINATION OF PROBE BEAM ANGLE 

The angle probe is set in position B (for angles 45° to 60°) or 
position C (for angles 60° to 70°) on IIW VI block, as shown 
in the figure. The probe is moved back and forth over the line 
indicative of the probe angle until the signal from the radius 
of the Perspex is maximized. Compare the index point on the 
probe with the angle mark on the calibration block VI. The 
deviation permitted is ±2°. 

19 ASSESSMENT TEST—TIME BASE LINEARITY 

A compressional wave probe is placed at position D on 25-mm 
thickness of the IIW VI block, as shown in the following sketch 
to obtain a minimum of five back wall echoes in the screen. 
Adjust the time base so that the first and last back wall echo 
indication coincides with the appropriate scale marks. 

Each indication is adjusted to reference level (80% of full 
screen height) with the gain for horizontal location examina¬ 
tion. The leading edge of each echo should line up, breaking 
the time base at the appropriate graduation. Record any devi¬ 
ation from the ideal position with relevant echo at approxi¬ 
mately half-full screen height. The deviation permitted is 2% 
of full time base range. 
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20 ASSESSMENT TEST—SCREEN HEIGHT 
LINEARITY 




2 4 6 8 10 

CRT Screen 


To verify the ability of the ultrasonic instrument to meet the 
linearity requirement specified earlier, position an angle beam 
search unit as shown in the sketch so that indications can be 
observed from both the l h T and T holes in a basic calibra¬ 
tion block. Adjust the search unit position to give 2:1 ratio of 
amplitudes between the two indications, with the larger set 
at 80% of full screen height. Without moving the search unit, 
adjust sensitivity (gain) to successively set the larger indica¬ 
tion from 100 to 20% of full screen height, in 10% increments 
(or 2-dB steps if a fine control is not available), and read the 
smaller indications at each setting. The reading must be 50% 
of the larger amplitude, within 5% of full screen height. The 
settings and readings must be estimated to the nearest 1% of 
full screen. Alternatively, a straight beam search unit may be 
used on any calibration block which will provide amplitude 
differences, with sufficient signal separation to prevent over 
lapping of two signals. 

21 ASSESSMENT TEST—AMPLITUDE 
CONTROL LINEARITY 

To verify the accuracy of the amplitude control of the ultrasonic 
instrument, as required, position an angle beam search unit as 
shown in the preceding figure so that the indication from the 
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l h T hole in a basic calibration block is at the peak on the screen. 
With the increase and decrease in attenuation shown in the 
following table, the indication must fall within the specified 
limits. Another convenient reflector from any calibration block 
may be used with angle or straight beam search units. 


Indication set at 
(% of full 
screen) 

dB Control 
variation 

Indication limits 
(% of full 
screen) 

80% 

-6 

32 to 48% 

80% 

-12 

16 to 24% 

40% 

+6 

64 to 96% 

20% 

+ 12 

64 to 96% 


The settings and readings must be estimated to the nearest 1% 
of full screen. 


22 CHECK OF RESOLUTION OF FLAW 
DETECTOR AND PROBE COMBINATION 










Ultrasonic Testing 


229 


22.1 Compressional Straight Probe 

A compressional wave probe is set in position F of IIW VI 
block, as shown in the figure, directing the beam toward the 
depth resolution notch (i.e., toward the three reflectors at dis¬ 
tances 85, 91, and 100 mm). The probe is positioned in such 
a way that the indications at 91- and 100-mm distances from 
the probe are both at 80% of full screen height. 

Measure the echo separation (i.e., echo peak to bottom of 
the valley between the two echoes) in percentage full screen 
height. If separation is 50% or more of full screen height, then 
it is said to be resolved. 

Position G and H to determine the near surface resolution 
or the dead zone of the probe. If the reflection from the Perspex 
disc at 10 mm (H) and 5 mm (G) could not be displayed, it 
should be noted as a reflector within the region would not be 
detected (dead zone). 



22.2 Shear Wave (Angle) Probe 

The Shear wave probe is placed at positions J or K, directing 
the beam toward a series of drilled holes at different depths. 
The signal from the drilled hole should be distinguishably dis¬ 
played. 

Near surface resolution can be determined by using a 
block with drilled holes near the surface. 






230 


Chapter 12 


23 EQUIPMENT QUALIFICATION 


Flaw Detector Type: 

I Date: 

Serial Number: 



Test 

Tolerance 


Result 

Remarks 

Time Base 

±2 






Linearity 







Amplitude 

indication 

dB control 

Indication 



Control 

set at % of 

change 

limits % of 



Linearity 

full screen 



full screen 




80% 


-6dB 

32 to 48% 




80% 


-l2dB 

16 to 24% 




40% 


+6dB 

64 to 96% 




20% 

+12dB 

64 to 96% 




Screen Height 

Linearity 

Difference 

between smaller 

signal and 1/2 

larger signal height 

to be better than 

5% FSH 

Main Signal 

100% FSH 

80% FSH 

60% FSH 

40% FSH 

20% FSH 

Smaller signal 

FSH 

FSH 

FSH 

FSH 

FSH 


Equipment 

resolution 

All the three 

echoes to be 

clearly resolved 

Probes used 



Angle 

Marked Angle 45° 

Marked Angle 60° 

Marked Angle 70° 

Actual Angle 
Actual Angle 

Actual Angle 

To be 

within ±2° 


General Probe Information 

Compression : Type, Crystal Size & Frequency 

Shear : Type, Crystal Size & Frequency 

Name of Operator: 

NDT Certification: 

Clients Acceptance: 

Signature: 

Date: 


Remarks 
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24 PREPARATION OF DISTANCE 
AMPLITUDE CORRECTION CURVE 

The correction curves for angle probes are obtained by using 
the response from the basic calibration hole. The first point is 
the PRE. Without changing the gain, the probe unit is then 
placed at other nodal positions covering the whole examina¬ 
tion distance range and the corresponding responses marked 
on the CRT screen or plotted on graph paper. These points 
are joined by a smooth line as shown in the following figures. 
Plotting of the distance amplitude correction (DAC) curve for 
thickness 25 mm and less is as follows: 



Plotting of the DAC curve for thickness over 25 mm is as fol¬ 
lows: 
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A 

r/4 

1 




25 TRANSFER CORRECTION 

There is a difference in instrument sensitivity between the ref¬ 
erence block and test component due to test surface roughness 
and acoustical attenuation. 

1. Use two identical angle probes, one acting as trans¬ 
mitter and the other as receiver. 

2. Place the probes in tandem on the broad side of the 
reference block at one skip distance apart with a 
weight on top of one of them. They can be kept in a 
line by the use of a ruler alongside. 
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3. Peak the signal at 80% full screen height by probe 
movement and record the signal location on the 
screen. Note the gain (dB). 

4. Reposition the probes to achieve peak signal at two 
skip distances and join the two points to obtain line R. 

Transmitter (Fixed) Receiver Receiver 



-One Skip-». 


Two Skips 



5. Repeat steps 2 and 3 on the test component at the 
same decibel gain. Increase or decrease the signal 
where the peak is on line R and note the gain differ¬ 
ence. 

6. The difference in gain of the instrument in steps 3 
and 5 is the transfer correction and has to be added 
or subtracted during sizing of defects. 
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26 REPORT FORMATS 


EMBLEM 


ULTRASONIC EXAMINATION REPORT 


Order No. 


Sheet 

of 

Purchaser 


Attachment to 
Certificate No 


Description 


Date 


I Drawing No(s) i 


Material 


Probe (1) 


Thickness 


Probe (2) 


Surface Condition 

j Couplant 


Direction ofTesl 

i Basic Calibration Block 


Extent of Test 


Reference Hole I 1 ' 



E9! 

Test method 


Reference Level 80 % FSH 


m 

Iff* 1:1 

Test Equipment 


Test ranee 



SKETCH 
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EMBLEM 


ULTRASONIC EXAMINATION REPORT- ANNEXURE 













13 


Magnetic Particle Testing 
for Pressure Vessels 


1 SCOPE 

This procedure describes the methods and techniques for both 
dry and wet magnetic particle examination (MPE). This proce¬ 
dure is written in accordance with ASME Section V Article 7, 
Magnetic Particle Examination of Welds of pressure vessels 
fabricated as per ASME Section VIII Div (1) requirements. 

2 QUALIFICATION OF PERSONNEL 

Qualifications required for various personnel are as follows: 

1. Personnel performing the magnetic particle inspec¬ 
tion shall be qualified in accordance with the com- 


237 





238 


Chapter 13 


parly's written practice established in accordance 
with ASNT Recommended Practice SNT-TC-1A (Per¬ 
sonnel Qualification and Certification in Nondestruc¬ 
tive Testing). 

2. MT Level II or Level III operators shall carry out 
magnetic particle inspection and evaluate the accept¬ 
ability of any magnetic indications. 

3. MT Level I operators may carry out magnetic particle 
testing under the supervision of MT Level II or III 
personnel and follow approved procedures. 

4. MT Level I operators shall not evaluate the accept¬ 
ability of any magnetic indication. 

3 METHOD OF EXAMINATION 

Examination shall be carried out by the continuous method; 
that is, the magnetizing current remains on while the exami¬ 
nation medium is being applied and while excess of the exami¬ 
nation medium is being removed. 

4 MAGNETIZATION TECHNIQUE 

The ferromagnetic particles used as an examination medium 
shall be either wet or dry and may be fluorescent or nonfluo- 
rescent. 

The combination of an alternating current (AC) electromag¬ 
netic yoke (to detect surface discontinuities) and half-wave direct 
current (HWDC) (to detect subsurface discontinuities) or a per¬ 
manent magnetic yoke (for detection of surface and subsurface 
discontinuities) is suitable for localized longitudinal magnetiza¬ 
tion of small or large components. Permanent magnetic yokes 
shall only be used when electromagnetic yokes are inapplicable. 

5 SURFACE PREPARATION 

Satisfactory results are usually obtained when the surfaces 
are in the as-welded, as-rolled, as-cast, or as-forged condition. 
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However, surface preparation by grinding or machining may 
be necessary where surface irregularities could mask indica¬ 
tions due to discontinuities. 

Prior to magnetic particle examination, the surface to be 
examined and all the adjacent areas within at least 25 mm 
shall be dry and free from dust, dirt, grease, lint, scale, weld¬ 
ing flux and spatter, oil, or other extraneous matter that could 
interfere with the examination. 

Cleaning may be accomplished using detergents, organic 
solvents, descaling solutions, paint removers, vapor degreas¬ 
ing, sand or grit blasting, or ultrasonic cleaning methods. 

If coatings are left on the part in the area being examined, 
it must be demonstrated that indications can be detected 
through the maximum coating thickness applied. 

6 EXAMINATION MEDIUM 

All magnetic particles used in either the wet or dry MPE tech¬ 
nique shall have good contrast color against test surface, high 
permeability, and low retentivity and shall be sufficiently fine. 

Dry powders are heat resistant and are usable at the tem¬ 
perature of the test surface up to 315.6°C (600°F) for large 
objects with portable magnetizing equipment (yokes and 
prods) for field testing. Dry powder shall be applied by spray¬ 
ing or dusting directly onto the surface of the part being mag¬ 
netized. 

A powder premix with the suspending vehicle in pressur¬ 
ized cans shall be used for wet magnetic particle method. The 
temperature of the wet particle suspension and the surface of 
the part shall not exceed 57.2°C (135°F). The particles carry 
a very low hazard potential with regard to flammability and 
toxicity. 

With fluorescent particles, the examination is performed 
using an ultraviolet light, also called a black light. The exami¬ 
nation shall be performed as follows. 

1. It shall be performed in a darkened area. 

2. The examiner shall be in the darkened area for at 
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least 5 min prior to performing the examination to 
adapt to dark viewing. If the examiner wears glasses 
or lenses, they shall not be photosensitive. 

3. The black light shall be allowed to warm up for a min¬ 
imum of 5 min prior to use or measurement taken of 
the intensity of the ultraviolet light emitted. 

4. The black light intensity shall be measured with a 
black light meter. A minimum of 800 gW/cm 2 on the 
surface of the part being examined shall be required. 
The black light intensity shall be measured at least 
once every 8 hr. and whenever the work station is 
changed. 

7 EXAMINATION 

7.1 Direction of Magnetization 

At least two separate examinations shall be performed on each 
area. During the second examination, the lines of magnetic 
flux shall be approximately perpendicular to those used dur¬ 
ing the first examination. 

7.2 Examination Coverage 

All examination shall be conducted with sufficient overlap to 
assure 100% coverage at required sensitivity. 

8 MAGNETIZING FORCE 

8.1 Yoke Magnetizing 

The magnetizing force of yokes shall be checked at least once 
a year or whenever a yoke has been damaged. If a yoke has 
not been in use for a year or more, a check shall be done prior 
to its first use. 

1. Each alternating current electromagnetic yoke shall 
have a lifting power of at least 4.5 kg (10 lbs) at maxi¬ 
mum pole spacing that will be used. 
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2. Each direct current or permanent magnetic yoke 
shall have a lifting power of at least 18.1 kg (40 lbs) 
at the maximum pole spacing that will be used. 

The weight used for verifying the lifting power should be prop¬ 
erly stenciled and verified. 

9 EVALUATION OF TEST PERFORMANCE 
AND SENSITIVITY 

The overall performance and sensitivity of the magnetic parti¬ 
cle system can be tested by 

1. Production test parts with known natural discontinu¬ 
ities. 

2. Test parts with artificial discontinuities introduced. 
Example: the test ring specimen with artificial sub¬ 
surface discontinuities at various depths. 

3. Magnetic field indicators. When it is necessary to ver¬ 
ify the adequacy or direction of the magnetizing field, 
the magnetic field indicator shall be used by position¬ 
ing the indicator on the surface to be examined. While 
using the indicator, a suitable flux or field strength 
is indicated when a clearly defined line of magnetic 
particles forms across the copper face of the indicator 
when the magnetic particles are applied simulta¬ 
neously with the magnetizing force. 

When a clearly defined line of particles is not formed or is 
not formed in the desired direction, the magnetizing technique 
shall be changed or adjusted. 

10 TEST PROCEDURE FOR YOKE METHOD 

1. The use of the magnetic yoke favors the direction of 
discontinuities where the major axis lies transverse 
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to the line joining the pole pieces of the yoke. For 
optimal effectiveness in detecting all types of discon¬ 
tinuities, each area should be tested at least twice, 
with the lines of flux during one testing approxi¬ 
mately perpendicular to the lines of flux during the 
other. 

2. Clean and dry the area of test free from rust, oil, 
grease, slag, spatter, or any other contaminant that 
may obstruct the movement of magnetic particles or 
impair result interpretation. A light grinding to the 
surface to be examined may be given if found neces¬ 
sary. 

3. Apply a thin coat of white contrast paint on the area 
of interest and allow it to dry prior to the test. 

4. Place the yoke on the area of test in a direction 
where a second application at 90° to the first axis is 
possible. The distance between the leg span should 
be maintained between 100 to 200 mm. Ensure good 
contact of yoke to the test piece. Switch on the cur¬ 
rent flow (if AC yoke is used). 

5. Apply magnetic ink either through aerosol (wet 
method) or a puffer (dry method) onto the area 
where the magnetic field has been induced with the 
current still on. 

6. Observe for indications formed by magnetic parti¬ 
cles. 

7. Cut off the current flow before removing the yoke. 

8. Repeat steps 4 to 7 at an axis perpendicular to the 
first test. 

9. When an indication is found, perform step 4 to 7 at 
an axis perpendicular to the axis of the indication 
in order to obtain maximum sensitivity. 

10. If in doubt, steps 4 to 7 should be repeated and the 
indication re-evaluated until a result can be ob¬ 
tained. 

11. Repeat steps 4 to 10 over the entire area of test. 
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Maintain an overlap of approximately 50 mm to en¬ 
sure 100% coverage of the area of test. 

12. Remove remaining solvent or iron powder after the 
test. 

13. Record flaw indications found with respect to their 
location, size, and type. 

11 INTERPRETATION OF INDICATIONS 

All indications shall be evaluated whether they are relevant, 
nonrelevant, or false indications. Indications will be revealed 
by retention of magnetic particles just on top of the defect. All 
such indications are not necessarily imperfections, however, 
since excessive surface roughness, magnetic permeability 
variations (such as at the edge of heat affected zones), etc., 
may produce similar indications. 

An indication is the evidence of a mechanical imperfec¬ 
tion. Only indications which have any dimension greater than 
1.6 mm (Vi6 in.) shall be considered relevant. Two types are 
as follows: 

1. A linear indication is one having a length greater 
than 3 times the width. 

2. A rounded indication is the one of circular or elliptical 
shape with a length equal to or less than 3 times its 
width. 

Any questionable or doubtful indications shall be re-ex¬ 
amined to determine whether or not they are relevant: 

1. True (relevant) indications are caused by leakage of 
fields due to discontinuities in the specimen. 

2. Nonrelevant indications are those caused by leakage 
of fields other than by discontinuities such as from 
constriction in metal path, change in section, change 
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in permeability, magnetic writing, or false lines from 
overmagnetiation. 

3. False indications are those that are mechanically 
held on by gravity, with no relation to leakage fields 
such as from grease, edge of mill scale, or surface ir¬ 
regularities. 

12 POST-TEST CLEANING 
AND DEMAGNETIZATION 

Post-test cleaning and demagnetization of parts magnetized 
for testing are required when the residual magnetic particles 
and magnetic field will interfere with the subsequent process 
to be carried out on the part or as required by the client or 
specifications. 

13 ACCEPTANCE CRITERIA 

All indications shall be evaluated in terms of the acceptance 
standard of ASME Section VIII Div (1) requirement. 

14 REPORTING 

All tests carried out shall be reported in a format that contains 
the following information: 

1. Name of the client 

2. Surface condition 

3. Type of equipment used 

4. Magnetization technique applied 

5. Type of ferromagnetic particles used 

6. Identification of components tested 

7. Result of interpretation 

8. Name and signature or the operator 

9. Date of test 
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15 EXAMINATION OF BUTT WELD USING 
TRUE CONTINUOUS MAGNETIZATION BY 
PERMENANT OR AC MAGNETIC YOKE 
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16 EXAMINATION OF FILLET WELD USING 
TRUE CONTINUOUS MAGNETIZATION 
PERMENANT OR AC MAGNETIC YOKE 
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17 REPORT FORMAT 


EMBLEM 


MAGNETIC PARTICLE EXAMINATION REPORT 


1 Order No. 


Sheet 

of 



Attachment to 
Certificate No 


Description 
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Drawing No(s) 



1 Equipment 


Surface under 
Examination 
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Surface Preparation 


1 Technique 


Magnetic Particle 
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1 Post-C leaning 



Length of Defect I Remarks 


SKETCH 
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Liquid Penetrant Testing 
for Pressure Vessels 


1 SCOPE 

The test procedure is written in accordance with ASME Sec¬ 
tion V Article 6, Liquid Penetrant Examination for pressure 
vessels fabricated under ASME Section VIII Div (1). 


2 QUALIFICATION OF PERSONNEL 

2.1 Personnel performing the liquid penetrant exami¬ 
nation shall be qualified in accordance with the company’s 
written practice established in compliance with ASNT Recom¬ 
mended Practice SNT-TC-1 A (Personnel Qualification and 
Certification in Nondestructive Testing). 
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2.2 PT Level II or Level III certified personnel shall 
carry out liquid penetrant examination and evaluate the ac¬ 
ceptability of any penetrant indication. 

2.3 PT Level I certified personnel may carry out liquid 
penetrant examination under the supervision of a PT Level II 
personnel and shall follow approved procedures. 


3 TECHNIQUE 

Either a color contrast penetrant or fluorescent penetrant 
technique may be used. In both the cases the penetrant shall 
be removable by solvents. 


4 SURFACE PREPARATION 

In general, satisfactory results may be expected when the sur¬ 
face of the part is in the as-welded, as-rolled, as-cast, or as- 
forged condition. Surface preparation by grinding, machining, 
or other methods may be necessary where the surface irregu¬ 
larities could mask the indications of unacceptable discontinu¬ 
ities. 

Prior to any liquid penetrant examination, the surface to 
be examined and all adjacent areas within at least 1 in. shall 
be dry and free of all dirt, grease, lint, scale, welding flux, weld 
spatter, oil, and other extraneous matter that could obscure 
surface openings or otherwise interfere with the examination. 
Cleaning agents that are to be used shall either be detergents 
or organic solvents. 


5 DRYING AFTER PREPARATION 

After cleaning, the drying of the surfaces to be examined shall 
be accomplished by normal evaporation or with forced hot air 
as appropriate. A minimum period of a 15-min lapse shall be 
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permitted to ensure that the cleaning solution has evaporated 
prior to the application of the penetrant. 

6 TESTING MEDIA 

A solvent-removable system consisting of the following (aero¬ 
sol spray type) will be used for the examination: 

Magnaflux Cleaner SKC-NF-ZC 7 
Magnaflux Penetrant SKL-HF/S 
Magnaflux Developer ZP-9E 

7 EXAMINATION 

7.1 Technique for Standard Temperature 

As a standard practice, neither the temperature of the pene¬ 
trant nor the surface of the part to be examined shall be below 
15.5°C (60°F) or above 51.6°C (125°F) throughout the exami¬ 
nation period. Local heating or cooling is permitted, provided 
the part temperature remains in the range of 15.5°C (60°F) 
to 51.6°C (125°F) during the examination. Where it is not 
practical to comply with these temperature limitations, the 
test may be carried out at another temperature, provided the 
procedure adopted is qualified as specified in T-653 (Tech¬ 
nique for Non-Standard Temperatures). 

7.2 Penetrant Application 

The penetrant is applied by spraying to the entire surface to 
be examined. The excess penetrant is allowed to drain from 
the part after application, while allowing for proper dwell 
time. In general, a dwell time of 5 to 10 min is sufficient for 
most of the applications. 

7.3 Excess Penetrant Removal 

After a dwelling time of 5 to 10 min, excess penetrant can be 
wiped off by a clean lint-free cloth, repeating the operation 
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until most traces of penetrant have been removed. The re¬ 
maining traces shall be removed by lightly wiping the surface 
with cloth or absorbent paper moistened with solvent. The di¬ 
rect spraying of the solvent onto the surface following the ap¬ 
plication of penetrant prior to developing is prohibited. 

7.4 Drying After Excess Penetrant Removal 

For the solvent-removal method, the surface may be dried by 
normal evaporation. 

7.5 Developing 

The developer shall be applied as soon as possible after the 
removal of the penetrant. The time interval shall not exceed 
5 min under any circumstances. A nonaqueous developer shall 
be used with either color contrast or fluorescent penetrant. 

8 INTERPRETATION 

The true size and type of discontinuities are difficult to evalu¬ 
ate if the penetrant diffuses excessively into the developer. 
Consequently, the surface shall be closely observed during the 
application of the developer to monitor the behavior of indica¬ 
tions, which tend to bleed out profusely. The final interpreta¬ 
tion shall be made after allowing the penetrant to bleed out 
for 7 to 30 min. If bleed-out does not alter the examination 
results, a longer period is permitted. If the surface to be exam¬ 
ined is large enough to preclude the complete examination 
within the prescribed time, the surface shall be examined pro¬ 
gressively. 

8.1 Color Contrast Penetrants 

With color contrast penetrants, the developer forms a reason¬ 
ably uniform white coating over the entire surface. Surface 
discontinuities are indicated as bleed-out of the penetrant, 
which is normally deep red in color, that stains the developer. 
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Indications in light pink may indicate excessive cleaning. In¬ 
adequate cleaning may leave an excessive background, mak¬ 
ing the interpretation very difficult. Adequate illumination is 
required to ensure sensitivity during the examination and 
evaluation of indications. 

8.2 Fluorescent Penetrant 

With fluorescent penetrants, the process is essentially the 
same as for color penetrants with the exception that the exam¬ 
ination is performed in ultraviolet light, called black light. The 
examination shall be performed as follows. 

1. It shall be performed in a darkened area. 

2. The examiner shall be in the darkened area for at 
least 5 min prior to performing the examination to 
adapt to the darkness. If the examiner wears glasses 
or lenses, they shall not be photosensitive. 

3. The black light shall be allowed to warm up for a min¬ 
imum of 5 min prior to use or measurement taken of 
the intensity of the ultraviolet light emitted. 

4. The black light intensity shall be measured with a 
black light meter. A minimum of 800 |i W/cm 2 on the 
surface of the part being examined is required. The 
black light intensity shall be measured at least once 
every 8 hr and whenever the workstation is changed. 

9 ACCEPTANCE CRITERIA 

The acceptance criteria of a component shall be evaluated in 
terms of the acceptance standards of ASME Section VIII Div 
(1) requirements. 

10 POST-TEST CLEANING 

Post-test cleaning is necessary in cases where residual pene¬ 
trant or developer could interfere with subsequent processing 
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or with service requirements. A simple water rinse, a machine 
wash, vapor degassing, or a solvent soak may be employed for 
the purpose. 

11 REPORTING 

All tests carried out shall be reported in a format that contains 
the following information: 

1. Name of the client 

2. Type of chemicals used 

3. Identification of components tested 

4. Method of test 

5. Result of interpretation 

6. Name and signature of the tester 

7. Date of test. 
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12 SOLVENT REMOVABLE PENETRANT 
INSPECTION PROCESS 
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13 REPORT FORMAT 


EMBLEM 


LIQUID PENETRANT EXAMINATION REPORT 
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of 
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Furnace Postweld Heat Treatment 
for Pressure Vessels 


1 SCOPE 

This procedure is for the furnace postweld heat treatment 
(PWHT), or stress relieving, of fabricated pressure vessels 
manufactured from P. No. 1, 3, and/or 4 materials in accor¬ 
dance with ASME Section VIII Div (1). 


2 STANDARDS 

This specification is in line with the requirements of UCS 56 
of ASME Section VIII Div (1), which is applicable to most of 
the carbon steel materials. 
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3 MATERIALS 

This specification covers P. Nos. 1, 3, and 4 materials as classi¬ 
fied in QW 422 of ASME Section IX. 


4 EQUIPMENT 

The furnace shall be capable of fulfilling the requirements in¬ 
corporated in this specification. The heating method can be 
electrical or oil fired. 


5 LOADING IN THE FURNACE 

The following requirements shall be met with regard to load¬ 
ing the furnace: 

1. The vessel shall be loaded in to the furnace at a tem¬ 
perature not exceeding 427°C (800°F). 

2. The vessel shall be supported on suitable spacers and 
sections to a minimum height of 100 mm above the 
furnace hearth and in such a way as to permit free 
circulation of hot air as well as to prevent distortion 
during the stress relieving cycle. When items are to 
be stacked one above the other, they shall also be sep¬ 
arated in the same fashion by providing suitable tem¬ 
porary structures. A clearance of a minimum 300 mm 
may be provided all around the walls of the furnace 
between the charge and the walls. 

3. In oil or gas fired furnaces, there shall be no direct 
flame impingement onto the charge and there shall 
be no impediments to the free circulation of hot 
gases. 





Postweld Heat Treatment 


259 


4. The serration on flange faces or specially machined 
and exposed surfaces shall be suitably protected 
against excessive scaling with clay or other approved 
compounds during stress relieving treatment. 


6 TEMPERATURE MEASUREMENT 

A sufficient number of thermocouples (at least four) shall be 
placed in intimate metallic contact with the vessel in such a 
way that they will record the actual metal temperature and 
give an indication of the maximum temperature differential 
within the vessel at different locations. Typical positions likely 
to show a variation in temperature from the average tempera¬ 
ture are near to the door, the hearth, the roof, the flame posts, 
the heaviest and lightest sections of the vessel, etc. A typical 
placement of thermocouples is shown in the sketch. 



All thermocouples shall be checked before each applica¬ 
tion against any mechanical damages to confirm its fitness for 
use. They shall also be identified with the calibration records, 
which shall be recorded and maintained so that the records 
are available for verification by third parties. 

Records shall also be checked before the actual conduct¬ 
ing of the stress relief treatment. Spare recorders shall be 
available as a safeguard against failure of any recorder while 
in use. 
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All thermocouples and recorders shall be calibrated every 
6 months or when malfunctioning is suspected. Records to this 
effect shall be maintained and shall be verified by the third- 
party inspection engineer. 


7 METHOD OF ATTACHMENT 
OF THERMOCOUPLES 

The method chosen shall be capable of indicating the true 
metal surface temperature and at the same time shall be free 
from the direct radiation or conduction from the heating 
source. 

By means of a slotted nut or a bridge piece welded to the 
surface in the selected position, the thermocouples can be 
clamped under a set screw in contact with the surface of the 
component or weld. The nuts or bridge piece shall be of the 
smallest size possible and shall be made from compatible ma¬ 
terials and tack welded to the vessel using a compatible elec¬ 
trode as specified in the applicable specification. A qualified 
welder per the applicable welding procedure specifications 
with the required preheat shall make the tack welds, and the 
size of the tack shall be the smallest possible. A slipper plate 
shall be provided between the thermocouple and the set screw 
so that mechanical damage to the thermocouple during clamp¬ 
ing can be avoided. 


8 HEAT TREATMENT 

The heating rate, soaking temperature and time, temperature 
differential during soaking, and cooling rate shall be as fol¬ 
lows. 


1. The maximum heating rate permitted above 427°C 
(800°F) (the maximum recommended furnace tern- 
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perature at the time of loading the vessel in the fur¬ 
nace) is 204°C/hr per 25 mm (400°F/hr per inch) of 
section thickness subjected to a maximum of 204°C/ 
hr (400° F/hr). The variation in temperature on the 
vessel during heating shall be less than 121°C 
(250°F) in any 4.57-m (15-ft) interval of length. 

2. The soaking temperature shall be 593°C (1100°F) 
minimum. The maximum difference between the 
temperatures shown by different thermocouples on 
the vessel shall be 65.6°C (150°F). The soaking time 
shall be as follows: 


Thickness of the 
vessel (mm) 

P. No. 1 and 3, 

Gr. Nos. 1, 2, 
and 3 

P. No. 4, Gr. 

Nos. 1 and 2 

Up to 50 

1 hr/25 mm with a 

1 hr/25 mm with a 


minimum of 15 

minimum of 15 


min 

min 

50-125 

2 hr + 15 min for 
each additional 
inch over 2 in. 

1 hr/25 mm 

Over 125 

2 hr + 15 min for 

5 hr + 15 min for 


each additional 

each additional 


inch over 2 in. 

inch over 5 in. 


3. The maximum cooling rate up to 427°C (800°F) shall 
be 260°C/hr per 25 mm (500°F/hr per inch) section 
thickness subjected to a maximum of 260°C/hr 
(500°F/hr). The cooling below 427°C (800°F) can be 
in still air. In any case, the rate of heating and cooling 
need not be less than 40°C/hr. 

4. The variation in temperature on the vessel during 
heating shall be less than 93°C (200°F) in any 4.57- 
m (15-ft) interval of length of the vessel. 








9 INSPECTION 

The QAC department shall ensure the compliance to the vari¬ 
ous requirements of this procedure by verifying and clearing 

the following stages: 

QAC check points Checklist 

Clearance for S/R Ensure that all previous operations have been car¬ 
ried out satisfactorily. 

Furnace loading Charge details. 

Calibration of thermocouples and recorders. 

Loading and thermocouple attachment as per Sec¬ 
tions 5 and 6. 

After S/R Prepare records as per Section 10. 

Check compliance and approve. 

In case of deviations from specifications, obtain deci¬ 
sion from design. 
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10 HEAT TREATMENT RECORDS 

Each stress relieving shall be documented in the format pre¬ 
sented and shall contain the following essential information: 

1. In order to distinguish the recording of each of the 
thermocouples, each recording pen shall be of a differ¬ 
ent color in the graph to plot the actual chart. 

2. Full particulars of the charge, preferably with a 
sketch indicating the location of each component and 
identifying of the thermocouple fixed on it. 

3. The temperature recorder chart shall also have the 
details of the charge typed on it with a cross-reference 
to the confirmation certificate. 

4. The chart will also contain information like the chart 
speed, start and finish time, dates, etc. 
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11 REPORT FORMAT 



POSTWELD HEAT TREATMENT CONFIRMATION REPORT 

Order No. 1 Sheet _ of 

Purchaser Attachment to 

_ Certificate No _ 

Description i _ Date 

Drawing No(s) | 


Description of items Post- 
Weld Heat Treated 


Material Specification 



DETAILS OF POSTWELD HEAT TREATMENT 


PWHT Chart Number 
PWHT Method 
Type of Heating 
Heating Rate 
Required 
Actual 

Soaking Temperature &Time 

Required 

Actual 

Cooling Rate 

Required 

Actual 

Thermocouple Type 
Recorder Identification 
Recorder Chart Speed 
! Colour of Recorder Points 
j Recorder Calibration Details 
Hardness test Results 
Type 
Required 
Actual 
Rcmai ks 
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Hydrostatic Testing 
of Pressure Vessels 


1 SCOPE 

The procedure is prepared based on the requirements speci¬ 
fied in ASME Section VIII Div (1) as well as on good engi¬ 
neering practices followed by renowned consultants. 

All shop fabricated pressure vessels shall undergo a final 
hydrostatic test at the pressure mentioned in the drawings 
upon the satisfactory completion of the following stages of fab¬ 
rication. 


1. All fabrication activities have been completed except 
for those operations which could not be performed 
prior to the test such as weld end preparation and 
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cosmetic grinding on the base material which does 
not affect the required thickness. 

2. All examinations and tests have been performed with 
satisfactory results except those required after the 
hydro test. 


2 PREPARATION FOR THE TEST 

Horizontal vessels resting on saddles can be hydro tested on 
the same saddle. However, precautions have to be taken to 
arrest any overturning movements of the vessel during test¬ 
ing, as there is no anchoring provided. If the saddle is too short 
to facilitate the inspection of the weld joints at the underside 
of the vessel, sufficient packing may be provided below the 
saddles to have free access for inspection. 

In the case of long vertical columns, it is not possible to 
carry out the test in that position due to safety considerations. 
Therefore, it is always advisable to carry out the test in the 
horizontal position. In the absence of supports for holding the 
vessel in that position, temporary saddles may be provided at 
required locations based on the hydrostatic test weight and 
the rigidity of the vessel. The vessel may be arrested properly 
by driving wedges between the saddle and vessel in the ab¬ 
sence of any welding with this temporary saddle. 

While positioning the vessel for test, care shall be taken 
to ensure that almost all the big openings are at the top of the 
vessel. This will facilitate filling up of the vessel as well as 
bleeding out the air entrapped in the vessel during filling. 

All nozzles shall be blanked using flanges of required rat¬ 
ing with good quality fasteners suitable for holding the re¬ 
quired test pressure. As a good engineering practice, it is not 
recommended to use the same bolting material used for the 
hydro test during service. Therefore, hydrostatic testing 
should be carried out with a separate set of bolting which have 
to be supplied to the client for future in-service tests envisaged 
in the life-cycle of the vessel. 
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Suitable air vents shall be provided at the top points to 
facilitate the bleeding out of air prior to the pressurization. 

Pressure gauges may be mounted at the topmost point on 
the vessel, which will indicate the lowest pressure in the ves¬ 
sel. The pressure gauges and the pressurization line to the 
vessel may be connected through isolation valves so that in 
the eventuality of failure of any of these items, the test can 
go on by replacing the defective items after the closure of the 
isolation valves. 

A liquid relief valve set at IV3 times the test pressure is 
recommended. While under test, the vessel is likely to be 
warmed up materially when personnel may be absent. 


3 TEST MEDIUM 

The medium of test shall be water, irrespective of the material 
of construction of the vessel. In the case of vessels made out 
of carbon steel or low alloy steel, the water used for testing 
shall contain rust inhibitors like 0.2% sodium nitrate. For 
stainless steel vessels, the maximum total chloride (ion) con¬ 
tent permitted in the water shall be 20 ppm. In case this is 
not possible, 0.5% sodium nitrate solution shall be added to 
the water used for the hydrostatic test. However, this action 
needs the approval of the client or consultant prior to the 
testing. 


4 PRESSURE GAUGES 

A minimum of two pressure gauges shall be used for the hy¬ 
drostatic test. These shall be mounted at the topmost point on 
the vessel and shall be placed after isolation valves so that in 
the event of malfunctioning of the gauge, it can be replaced 
without affecting the testing schedule. 

The range of the gauges used shall be with in IV2 to 4 
times the proposed test pressure. Further the red line marked 
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on the dial of the gauge (the reliable and linear range of the 
gauge) shall be slightly above the intended test pressure. 

All gauges shall have valid calibration certificates on the 
date of test. 

In the case of large diameter vessels, it is recommended 
to also use a pressure recorder to record the actual hydrostatic 
test. This recorder to a shall have valid calibration on the date 
of test. The range specified for the gauges will not be applica¬ 
ble in the case of recorder. 


5 PRESSURE TEST 

On filling up the vessel completely, the pressurisation pump 
is started with all the high point vents open. When the water 
starts bleeding freely through these vents, they are closed one 
by one while the pump is working. 

When all the high point vents are closed, the pressure 
starts building up gradually, depending on the capacity of the 
pump. The required pressure shall be built up in steps of 25% 
of the test pressure, allowing for a settling time of 5 min after 
every step. In other words, the pressure shall be first built up 
gradually to 25% of the test pressure and to be held at that 
pressure for 5 min. Subsequently the pressure is raised to 50 
and 75% of the test pressure in the same way, allowing a set¬ 
tling time of 5 min in between. As the inspection of all the 
weld joints is recommended at two-thirds of the test pressure, 
this inspection may be carried out at the 75% test pressure 
step. 

In case every thing is satisfactory, the pressure may be 
raised to 100% of the test pressure and held at that pressure 
for at least half an hour. All joints may be checked again 
swiftly at this pressure for any leaks or failure. 

After the satisfactory completion of the test, the pressure 
is released gradually to 50% of the test pressure and held at 
that level for about 5 min. Afterward, it is brought down to 
atmospheric pressure gradually, as done previously. 
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Subsequently the vessel is drained of all water and dried 
using hot air. In case of vessels with inside protective coating, 
the same is applied as per specification. Otherwise silica gel 
bags are suspended inside the vessel prior to the closure of 
the vessel. 



6 RECORDS 

Records pertaining to the test shall be made in the format en¬ 
closed along with this procedure and shall be accompanied by 
all enclosures mentioned therein. 
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7 REPORT FORMAT 


HYDROSTATIC TEST REPORT 


EMBLEM 


Order No. 


Sheet 

of 

Purchaser 
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Certificate No 

n 

Description 


Date 

_ 

Drawing No(s) 



Test Pressure 
Test temperature 
Test Medium 
Duration 

Pressure Gauge Range 

Pressure Gauge/ Recorder Identification 

Pressure Gauge Calibration Details 

Result 

Date of Test 

Attachments 

Remarks 
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Quality Assurance and Control 
in Welding 


1 WELD QUALITY 

In any production weld, the term weld quality is relative, 
meaning that the application determines what is good and 
bad. The required quality of the proposed weld is achieved by 
the judicious application of quality assurance and quality con¬ 
trol (QAC) techniques developed for the specific purpose. 

2 QUALITY ASSURANCE 

In quality assurance, the degree of quality required is ascer¬ 
tained based on application needs, a standard to be estab- 
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lished based on service needs, and also consideration of the 
engineering performance and safety factors. 

The five Ps that assure quality are 

1. Process selection. The process selected must be the 
most appropriate one for the job under the given con¬ 
ditions on all considerations. 

2. Preparation. The joint configuration must be right 
and compatible with the welding process. 

3. Procedure. To assure uniform results, the process 
must be clearly spelled out in detail and followed reli¬ 
giously during welding. 

4. Pretesting. By a full-scale mock-up test, the process, 
preparation, and procedures are proved to have the 
desired standard of quality. 

5. Personnel. Personnel assigned for the job shall be 
qualified to perform the assigned tasks. 


3 QUALITY CONTROL 

In quality control, the standards or norms set by the QA are 
followed without omission. Once this status is achieved, the 
weld will have the required quality within the tolerance per¬ 
mitted by the standard. 

4 STANDARDS 

Different countries have their own specification for the quali¬ 
fication of welding procedures and welders. The most com¬ 
monly used ones in India for the manufacture of pressure ves¬ 
sels are 


1. ASME Section IX 

2. EN 287 and EN 288 
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Among these, most extensively used is ASME Section IX. This 
is the qualification standard for welding and brazing proce¬ 
dures, welders, brazers, and welding and brazing operators. 

ASME Section IX is divided in to two basic sections, Part 
QW and QB, along with Appendices A, B, and D. Part QW 
deals with welding and Part QB deals with brazing. Appendix 
A is mandatory and deals with the submittal of technical en¬ 
quiries to the boiler and pressure vessel committee. Appendix 
B is nonmandatory and gives sample forms for welding and 
brazing. Appendix D gives nonmandatory P. number listings. 
As we are concerned with welding, Part QW is elaborated on 
here. Part QW is further subdivided into four articles, the de¬ 
tails of which are as follows: 


Article I 

Welding: General Requirements 

QW 100 


General: explains the jurisdiction of the 
standard 


QW 101 

Scope 


QW 102 

Terms and definitions 


QW 103 

Responsibility 

QW 110 


Weld orientation: illustrates various orientations 
of welds 

QW 120 


Test positions of groove welds 


QW 121 

Plate positions 


QW 122 

Pipe positions 


QW 123 

Test positions for stud welds 

QW 130 


Test positions for fillet welds 


QW 131 

Plate positions 


QW 132 

Pipe positions 

QW 140 


Types and purposes of tests and examinations 


QW 141 

Mechanical tests 


QW 142 

Special examinations for welders 


QW 143 

Examination for welding operators 


QW 144 

Visual examination 

QW 150 


Tension tests 


QW 151 

Specimens 


QW 152 

Tension test procedures 


QW 153 

Acceptance criteria—tension tests 
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QW 160 


Guided bend tests 


QW 161 

Specimens 


QW 162 

Guided bend test procedure 


QW 163 

Acceptance criteria 

QW 170 


Notch toughness tests 


QW 171 

Notch toughness tests—charpy V notch 


QW 172 

Notch toughness tests—drop weight 

QW 180 


Fillet weld tests 

QW 181 

Procedure and performance qualification 
specimens 


QW 182 

Fracture tests 


QW 183 

Macroexamination—procedure specimen 


QW 184 

Macroexamination—performance specimen 

QW 190 


Visual examination—performance 


QW 191 

Radiographic examination 


QW 192 

Stud weld tests—procedure qualification 
specimens 


QW 193 

Stud weld tests—performance qualification 
specimens 


QW 195 

Liquid penetrant examination 


QW 196 

Resistance weld testing 

Appendix 1 


Rounded indications chart 

Article II 

Welding Procedure Qualification 

QW 200 


General: explains the jurisdiction of WPS 


QW 201 

Manufacturer’s responsibility 


QW 202 

Types of tests required 


QW 203 

Limits of qualified positions for procedures 

QW 210 


Preparation of test coupons 


QW 211 

Base and filler metal 


QW 212 

Types and dimensions of groove welds 


QW 213 

P. No. 11 base metals 


QW 214 

Corrosion resistant weld metal overlay 


QW 215 

Electron beam and laser beam welding 


QW 216 

Hard facing weld metal overlay 


QW 217 

Joining of composite (clad metals) 


QW 218 

Applied lining 

QW 250 


Welding variables 


QW 251 

General 


QW 252 

Oxy fuel gas welding (OFW) 


QW 253 

Shielded metal arc welding (SMAW) 


QW 254 

Submerged arc welding (SAW) 


QW 255 

Gas metal arc and flux cored arc welding 
(GMAW/FCAW) 
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QW 256 Gas tungsten arc welding (GTAW) 

QW 257 Plasma arc welding (PAW) 

QW 258 Electro slag welding (ESW) 

QW 259 Electro gas welding 
QW 260 Electron beam welding 
QW 261 Stud welding 

QW 262 Inertia or continuous drive friction welding 
QW 263 Resistance welding 
QW 264 Laser beam welding 
QW 283 Welds with buttering 
QW 284 Resistance welding equipment qualification 
QW 285 Resistance spot and projection weld procedure 
qualifications 

QW 286 Resistance seam weld procedure qualification 

Article III Welding Performance Qualification 

QW 300 General 

QW 301 Tests 

QW 302 Types of tests required 

QW 303 Limits of qualified positions and parameters 

QW 304 Welders 

QW 305 Welding operators 

QW 306 Combination of welding processes 
QW 310 Qualification test coupons 

QW 320 Retest and renewal qualification 

QW 321 Retests 

QW 322 Expiration and renewal qualification 
QW 350 Welding variables for welders 

QW 351 General 

QW 352 Oxy fuel gas welding 

QW 353 Shielded metal arc welding 

QW 354 Submerged arc welding 

QW 355 Gas metal arc and flux cored arc welding 

QW 356 Gas tungsten arc welding 

QW 357 Plasma arc welding 

QW 360 Welding variables for welding operators 

QW 361 General 

QW 362 Electron beam, laser beam, and friction welding 
QW 363 Stud welding 

QW 380 Special processes 

QW 381 Corrosion resistant weld metal overlay 
QW 382 Hard facing weld metal overlay 

QW 383 Clad plate or applied lining 

QW 384 Resistance welding operator qualification 
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Article IV Welding Data 


QW 400 


Variables 


QW 401 

General 


QW 402 

Joints 


QW 403 

Base metals 


QW 404 

Filler metals 


QW 405 

Positions 


QW 406 

Preheat 


QW 407 

Postweld heat treatment 


QW 408 

Gas 


QW 409 

Electrical characteristics 


QW 410 

Techniques 


QW 416 

Welding variables (welding performance chart) 

QW 420 


Materials grouping 


QW 422 

P and S numbers 


QW 423 

Alternative base materials for welder 
qualification 


QW 424 

Base materials used for procedure qualification 

QW 430 


F numbers 

QW 431 

General 


QW 432 

F numbers 


QW 433 

Alternative F numbers for welder qualification 

QW 440 


Weld metal chemical composition 


QW 441 

General 


QW 442 

A numbers 

QW 450 


Specimens 


QW 451 

Procedure qualification thickness limits and test 
specimens 


QW 452 

Performance qualification thickness limits and 
test specimens 


QW 453 

Procedure/performance qualification thickness 
limits and test specimens for hard facing and 
corrosion resistant weld metal overlay 

QW 460 


Graphics 


QW 461 

Positions 


QW 462 

Test specimens 


QW 463 

Order of removal 


QW 466 

Test jigs 


QW 469 

Typical test joints 

QW 470 


Etching—process and reagents 


QW 471 

General 


QW 472 

For ferrous metals 


QW 473 

For nonferrous metals 

QW 490 


Definitions 


QW 491 

General 


QW 492 

Definitions 
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5 WELDING PROCEDURE SPECIFICATION 

The welding procedure specification (WPS) is a proposal for 
welding a joint between two specified base metals. The pur¬ 
pose of a WPS is to define and document the details that are 
to be carried out in specific materials or parts. To fulfill the 
purpose efficiently, the WPS should be as concise and clear as 
possible without extraneous details. 

From a designer’s point of view, the properties of the weld 
joint are designated as follows: 

1. Yield stress 

2. Ultimate tensile strength 

3. Percentage elongation 

4. Impact strength and so on 

The welding procedure specifications are written exactly 
to these property requirements onto relevant welding parame¬ 
ters comprising of mainly two factors; 

1. Physical soundness (free from discontinuities) 

2. Metallurgical compatibility 

Physical soundness is related to the mode of deposition. 
In other words, the process techniques are influenced by the 
skill of the welder or welding machine operator. Metallurgical 
compatibility is by itself dependent upon the chemical compo¬ 
sition of the weld metal, filler metal, flux or gas, and the heat 
cycles the weldment undergoes during welding and postweld 
heat treatment. 

Radiography can give conclusive account of physical 
soundness of the weld, whereas the metallurgical compatibil¬ 
ity is revealed only by conducting a mechanical test. 

ASME Section IX recommends formats for WPS in QW 
482 (enclosed at the end of this chapter) wherein the following 
details as shown below shall be filled in: 
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1 . 

Joints 

QW 402 

2. 

Base metals 

QW 403 

3. 

Filler metals 

QW 404 

4. 

Positions 

QW 405 

5. 

Preheat 

QW 406 

6. 

Post weld heat treatment 

QW 407 

7. 

Gas 

QW 408 

8. 

Electrical characteristics 

QW 409 

9. 

Techniques 

QW 410 


The details are to be filled in depending on applicability to the 
particular welding process selected in the WPS. 


6 BASIC INFORMATION FOR THE WPS 

The information needed for the WPS includes 

1. Base metals to be joined 

2. Typical weld joint configuration 

3. Dimensions of parts to be joined 

4. Welding process to be employed 

Of these, the first three details could be gathered from either 
the purchase order or the technical specification or from the 
applicable standards, whereas the fourth could be decided 
based on the manufacturer experience. 


7 PROCEDURE QUALIFICATION RECORD 

The five basic steps involved in the qualification of a welding 
procedure are 

1. Preparation and welding of suitable samples 

2. Testing of representative specimens 

3. Evaluation of overall preparation, welding, testing, 
and end results 
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4. Possible changes in procedure 

5. Approval 

As per ASME Section IX, the test requirements for a pro¬ 
cedure qualification record (PQR) are spelled out in QW 451, 
the test specimens in QW 462, and order of removal of samples 
in QW 463. The acceptance criteria for welding are specified 
in QW 150, QW 160, QW 170, QW 180, and QW 190. The sug¬ 
gested format for the preparation of PQR is given QW 483 (en¬ 
closed at the end of this chapter). 

8 WELDING PERFORMANCE 
QUALIFICATION 

Welder, welding operator, and tack welder qualification tests 
determine the ability of those tested to produce acceptably 
sound welds with processes, materials, and procedures called 
for in the test. The qualification tests are not intended to be 
used as a guide for welding during actual construction, but 
rather to assess whether an individual has a certain minimum 
level of skill. They do not tell what an individual normally will 
or can do in production. For this reason, complete reliance 
should not be placed on qualification testing of welders. The 
quality of all production welds should be determined by in¬ 
spection during and following completion of actual welding. 

ASME Section IX lists the welding variables applicable 
for performance in QW 350 and QW 360. Allowable visual, me¬ 
chanical, and radiographic examination requirements are de¬ 
scribed in QW 304 and QW 305. Retests and renewal of quali¬ 
fications are given in QW 320. The suggested format for 
performance qualification tests is given in QW 484 (enclosed 
at the end of this chapter). 

9 WELDING VARIABLES 

Depending on their influence on obtaining the desired quality 
weldments, the welding parameters are listed and classified 
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as essential, supplementary essential, and nonessential vari¬ 
ables. These welding variables are described in Article IV: 
Welding Data under clauses QW 400 to QW 410. These weld¬ 
ing variables are obviously listed for all the welding processes 
addressed in ASME Section DC. Hence for a process under con¬ 
sideration, only a few among them may be applicable, and 
these are given in sections QW 252 to QW 265 for welding 
procedure and QW 352 to QW 357 for performance qualifica¬ 
tion, and QW 361 to QW 384 for welding machine operators, 
special processes, etc., against each welding process. 

9.1 Essential Variables 

Essential variables are those in which a change, as described 
in specific variables, is considered to affect the mechanical 
properties of the weldment and shall require requalification 
of the WPS. 

9.2 Supplementary Essential Variables 

Supplementary essential variables are those variables which 
are also to be considered as essential variables when other 
sections of the code call for notch toughness testing. 

9.3 Nonessential Variables 

Nonessential variables are those in which a change, as de¬ 
scribed in specific variables, may be made in the WPS with 
out requalification. 

10 MATERIAL GROUPING 

10.1 P Numbers 

To reduce the number of welding and brazing procedure quali¬ 
fications required, base metals have been assigned P numbers 
and, for ferrous metals which have specified impact test re¬ 
quirements, group numbers within P numbers. These assign- 
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ments are based essentially on comparable base metal charac¬ 
teristics, such as composition, weldability, brazability, and 
mechanical properties. However, these assignments do not 
imply that the base metal used in the qualification test can 
be selected without the consideration of compatibility from the 
standpoint of metallurgical properties, postweld heat treat¬ 
ment, design, mechanical properties, and service require¬ 
ments. Where notch toughness is a consideration, it is presup¬ 
posed that the base metals meet the specific requirements. 

10.2 S Numbers (Nonmandatory) 

S numbers group materials which are acceptable for use by 
ASME B 31, Code for Pressure Piping, or by selected boiler 
and pressure vessel code cases, but which are not included in 
ASME Boiler and Pressure Vessel code material specification 
(ASME Section II). These materials are grouped in S numbers 
similar to the P numbers. These are given in section QW 422 
of ASME Section IX. 

10.3 F Numbers 

The F number groupings of electrodes and welding rods in QW 
432 are based essentially on their usability characteristics, 
which fundamentally determine the ability of the welder to 
make satisfactory welds with a given filler metal. This group¬ 
ing is again made to reduce the number of welding procedure 
and performance qualifications, where this can be done logi¬ 
cally. However, the indiscriminate substitution of base metals 
and filler metals without consideration of compatibility is not 
permitted. 

10.4 A Numbers 

Based on the weld metal analysis, types of weld deposits are 
grouped into twelve A numbers, as given in QW 442. 
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11 ENCLOSURES TO VARIOUS 
DOCUMENTS 

Enclosures to WPS / PQR 

1. WPR form filled completely 

2. PQR form including test results 

3. Base material test certificate 

4. Electrode batch test certificate 

5. PWHT chart and calibration report of recorders and 
thermocouples used 

6. Nondestructive test reports 

7. Mechanical test reports if done by an outside agency 

8. Other test reports, if any 

Enclosures to WQT 

1. WQT form filled completely 

2. Mechanical test reports, if carried out 

3. Other test reports, if any 

or 

1. Radiography test report 

2. Other test reports, if any 

12 PRODUCTION WELD QUALITY 

When the WPS proposed is established by a satisfactory PQR, 
the WPS is claimed to be of required quality for the specific 
application. The welder who does the welding for the PQR 
qualification test is also given an automatic qualification in 
the applicable range. Subsequently, a sufficient number of 
welders are qualified depending on the requirements to meet 
production targets. 
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The establishment of the WPS/PQR and the WQT is the 
first step of quality control in welding. However, the quality 
of the final production weld is very much dependent on the 
quantum of quality control checks imposed in the actual man¬ 
ufacturing process by means of inspection tools like destruc¬ 
tive and nondestructive testing methods, as described earlier. 

Of the following figures, QW 482, QW 483, and QW 484 
are reproduced from ASME Boiler and Pressure Vessel Code, 
Section IX by permission of the American Society of Mechani¬ 
cal Engineers, all rights reserved. 



PRODUCTION WELDS 


Selection of Welder or Operator 


Renewal of Performance 
Qualification 
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FLOW CHART FOR PREPARATION OF WELDING PROCEDURE 
SPECIFICATION AND PROCEDURE QUALIFICATION RECORD 
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FLOW CHART FOR WELDER / WELDING OPERATOR QUALIFICATION 

RECORD 



Applicable WPS with PQR to be released 
for the conduct of welders test 



< Preparation of specimens for the test using 
materials of compatible quality 



< NDT or DT as per QW 160 / QW 302 
to yield satisfactory results 



< Preparation of WPQ Records as per 
_ QW 484 _ 




Renewal test as required in QW 322 
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QW-482 FORMAT FOR WELDING PROCEDURE SPECIFICATION (WPS) 
(See QW- 200.1, Section IX, ASME Boiler and Pressure Vessel Code) 


C ompany Name 

By: 

Welding Procedure Specification No. 

Date 

Revision No. Date 

Supporting PQR No.(s) 

Welding Proccss(cs) 

Type(s) 

(Automatic, Manual, Machine or Semi-Auto.) 


| JOINTS (QW-402) 

Joint Design 

I Backing (Yes) (No) 

Backing Material (Type) 

(Refer to both backing and retainers) 
^ Metal C3 Nonfusing Metal 

n Nonmctallic O Other 

Sketches, Production Drawings, Weld Symbols or Written 
Description should show the general arrangement of the 
parts to be welded. Where applicable, the root spacing and 
the details of weld groove may be specified. 

(At the option of the manufacturer, sketches may be attached 
to illustrate joint design, weld layers and bead sequence, eg., 
for notch toughness procedures, for multiple process proce- 
dures, etc.) 


BASE METALS (QW-40J) 

P-No. Group No. 

to P-No. 

OR 

Group No. 

Specification type and grade 

To Specification type and grade 

OR 


Chem. Analysis and Mech. Prop. 

To Chem. Analysis and Mech. Prop. 
Thickness Range: 



Base Metal: Groove 


Fillet 

Pipe Dia. Range Groove 


Fillet 

1 Other 




FILLER METALS (QW-404) 

Spec. No. (SFA) 

AWS No. (Class) 

F-No. 

A-No. 

Size of Filler Metals 
Weld Metal 

Thickness Range: 
Groove 
Fillet 
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Electrode Flux (Class) 
Flux Trade Name 
Consumable Insert 
Other 


POSITIONS (QW-405) 

Position(s) of Groove 

Welding Progression: Up Down 

Position(s) of Fillet 

POSTWELD HEAT TREATMENT(QW-407) 
Temperature Range 

Time Range 

PREHEAT (QW-406) 

Preheat Temp. Min. 

Interpass Temp. Max. 

Preheat Maintenance 
(Continuous or special heating where 
applicable should be recorded) 

GAS (QW-408) 

Percent Composition 
Gas(es) (Mixture) Flow Rate 

Shielding 

Trailing 

Backing 


ELECTRICAL CHARECTERISTICS (QW-409) 

Cunrent AC or DC Polarity 

Amps (Range) Volts (Range) 

(Amps and volts range should be recorded for each electrode size, position and thickness, etc 
This information may be listed in a tabular form similar to that shown below.) 

Tungsten Electrode Size and Type 

(Pure Tungsten, 2% Thoriated, etc ) 

Mode of Metal Transfer for CiMAW 


(Spray arc, short circuiting arc, etc.) 


Electrode Wire feed speed range 

TECHNIQUE (QW-410) 

String or Weave Bead 
Orifice or Gas Cup Size 

Initial and Interpass Cleaning (Brushing, Grinding, etc.) 

Method of Back Gouging 
Oscillation 

Contact Tube to Work Distance 
Multiple or Single Pass (per side) 

Multiple or Single Electrodes 
Travel Speed (Range) 

Peening 

Other 



Weld 

Layers) 


Process 


Volt 

Range 


Other/ 

Remarks 
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QW-483 FORMAT FOR PROCEDURE QUALIFICATION RECORDS (PQR) 

(See QW-200.2, Section IX, ASMF. Boiler and Pressure Vessel Code) 

Company Name 

Procedure Qualification Record No. D*'* 

WPS No. 

Welding Processes) 

Types (Manual, Automatic, Semi- Auto.) 

JOINTS (QW-402) 


Groove Design Test Coupon 

(For combination qualifications, the deposited weld metal thickness shall be recorded for each 
filler metal or process used) 


BASE METALS (QW-403) 

Material Spec. 

Type or Grade 

1 P-No. to P-No. 

1 hickness of Test Coupon 

Diameter of Test Coupon 

Other 

POSTWELD HEAT TREATMENT(QW-407) 
Temperature 

Time 

Other 

GAS (QW-408) 

Percent Composition 
Gas(cs) (Mixture) Flow Rate 

Shielding 

Trailing 

Backing 

FILLER METALS (QW-404) 

SFA Spec. 

AWS Class 

F-No. 

A-No. 

Size of Filler Metal 

Other 

Weld Metal Thickness 


ELE. CHARACTER1STICS(QW 409) 

Current 

Polarity 

Amps. Volts 

Tungsten Electrode Size 

Other 

TECHNIQUE (QW A10) 

Travel Speed 

String or Weave Bead 

Oscillation 

Multi Pass or Single Pass (per side) 

Single or Multiple Electrodes 

Other 

POSITION (QW-40S) 

Position of Groove 

Weld Progression (Uphill, Downhill) 

Other 

PREHEAT (QW-406) 

Preheat Temp 

Interpass Temp. 

Other 
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Specimen 

Notch 

Specimen 

No. 

Location 

Size 



Result - Satisfactory :Yes 
Macro - Results 

Type of Test 
Deposit Analysis 
Other 


FILLET WELD TEST (QW-1S0) 

No Penetration into Parent Metal :Yes 

OTHER TESTS 


Welder’s Name Clock No. Stamp No. 

Tests conducted by; Laboratory Test No. 

We certify that the statements in this record are correct and that the test welds were prepared, 
welded, and tested in accordance with the requirements of Section IX of the ASME Code. 

Manufacturer 

BY 

Date 
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QW-484 FORMAT FOR WELDER/WELDING OPERATOR PERFORMANCE 
QUALIFICATIONS (WPQ) 

(See Qw-301, Section IX, ASME Boiler and Pressure Vessel Code) 

Welder’s name Clock no Stamp no. 

Welding process(es) used Type 

Identification of WPS followed by welder during welding of test coupon 
Base materiaKs) welded Thickness 


1.UI nin.ia.j4, ii muraHirauffiffi k u 

EfflffUVlUCT 

ura'fflihsi 1 

Backing (metal, weld metal, welded from both sides, flux, etc) (QW- 
402) 

ASME P- No. to ASME P-No. (QW-403) 

< > Plate < > Pipe (enter diameter, if pipe) 

Filler metal specification (SFA) Classification (QW-404) 

Filler metal F-No. 

Filler metal variety for GTAW or PAW 

Consumable insert for GTAW or PAW 

Weld deposit thickness for each welding process 

Welding position (IG, 5G. etc.) (QW-405) 

Progression (uphill/downhill) 

Backing gas for GTAW, PAW. or GMAW; fuel gas for OFW (QW- 
408) 

GMAW transfer mode (QW-409) 

GTAW' welding current typc/polarity 



lit i.iuimji.ii 

Actual Values 


Direct remote visual control 

Automatic voltage control (GTAW) 

Automatic joint tracking 

Welding position (IG, 5G, etc.) 

Consumable insert 

Backing (metal, weld metal, welded from sides, flux, etc.) 




Guided Bend Test Results 


Guided Bend Tests Type < > QW-462.2 (Side) Results < > QW-462 3(a) (Trans. R & K) Type < > 
QW-462 3(b) (Long R & F) Results_ 


Visual examination results (QW-302.4) 

Radiographic test results (QW-304 and QW-305) 

(For alternative qualification of groove welds by radiography) 

Fillet Weld - Fracture test Length and percent of defects in. 

Macro test fusion Fillet leg size in. X in. Concavity/convcxity in. 

Welding test conducted by Laboratory test no. 

We certify that the statements in this record are correct and that the test coupons were prepared, welded, 
and tested in accordance with the requirements of Section IX of the ASME Code. 


Organization 


Date 


By 
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The following pages detail the quality plan in tabular form. 
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Document No. 
Rev. No. 


■ner: 

ent: 

>ject/Location: 


'ends 

I: General Manager 

QAC): Manager (Quality Assurance & Control) 
Prod): Manager (Production) 

Des): Manager (Design & Drawing) 

Com): Manager (Commercial) 


M(Plg): Manager (Planning) 

AM(Proc): Asst. Manager (Procurement) 

Off!Store): Officer (Stores) 

E(Maint): Engineer (Maintenance) 


m Activity Element 

Responsibility 

Applicable 

document 

Verifying 
document/action 

Remark 

Management responsibility. Quality policy 
shall be specific to the functioning of the 
organization aimed at the achievement of 
corporate goals of the company and shall 
meet the expectations and needs of the 
customers. 

Per organiza¬ 
tion chart 

Quality assurance 
manual 

Statement of author¬ 
ity & responsibility 


Quality system. A quality system shall be 
established and documented for ensuring 
that the product conforms to the cus¬ 
tomer requirements. 

M(QAC) 

Quality assurance 
manual 

Audit report 


Contract review. A detailed review of the 
contract shall be carried out before the 
submission of tender to ensure the capa¬ 
bility to meet the contract requirements 
and shall be documented. 

A detailed comparison of the order with 
the submitted tender shall be carried out 
to consolidate the deviations from the 
original tender and to take appropriate 
action and shall be documented. 

M(Prod) 

M(Com) 

M(Prod) 

Quality assurance 
manual 










M(Des) 


Design control. Establish and document 
procedures to control and verify the de¬ 
sign of the product in order to ensure 
that the specified requirements are met. 


Quality assurance Design calculations 
manual and drawings 


Document and data control. Maintain and 
control the document and data related to 
the customer requirements with a master 
list or document control index identifying 
the status of current revision. 

M(Com) 

M(Plg) 

M(QAC) 

M(Des) 

M(Prod) 

Quality assurance 
manual 

Quality manual and 
internal audit 

Purchasing. Select the supplier on the ba¬ 
sis of previous vendor qualification exer¬ 
cise as well as the past experience of 
their capability to deliver goods at best 
prices and in stipulated time frames and 
documentation pertaining to the same. 

AM(Proc) 

Review of PO and 
work order 

Vendor evaluation 
record 

Control of customer supplied products. Es¬ 
tablish and maintain document for the 
control, verification, and storage of cus¬ 
tomer supplied products. 

M(Prod) 

M(Plg) 

M(QAC) 

Off!Store) 

Quality assurance 
manual 

Material control record 

Product identification and traceability. Es¬ 
tablish standard methods and formats for 
recording the traceability of materials in 
process up to the final product as well as 
on the remaining raw materials to be 
used later. 

M(Prod) 

M(QAC) 

OfRStore) 

Quality assurance 
manual 

Traceability records 







m Activity Element 

Responsibility 

Applicable 

Verifying Remark 



document 

document/action 

Process control. Ensure the use of suitable 

M(Plg) 

Quality assurance 

PQR, welding records, 

equipment and workforce in the appro- 

M(Prod) 

manual, appli- 

and reports 

priate scope. 

E(Maint) 

cable WPS, and 


Ensure the compliance with applicable 

M(Prod) 

client specifi- 


codes and standards, quality plan and 

M(QAC) 

cations 


the documented procedures referenced. 
Monitor and control for suitable process 

M(Prod) 



parameters and product characteristics. 

M(QAC) 



Inspection and testing. Ensure that the in- 

M(QAC) 

Quality assurance 

Inspection & test plan, 

spection and testing activities are carried 

M(Prod) 

manual 

inspection reports, 

out to verify the compliance of specified 
requirements for the product. 

Receiving inspection and testing shall be 

M(plg) 


and test reports 

carried out to ensure that the incoming 

OfflStore) 



materials comply with the customer re¬ 
quirements. 

M(QAC) 



In-process inspection and testing shall be 
carried out according to the inspection 
and test plan to ensure the final quality 
of the product as envisaged in the con- 

M(QAC) 



tract. 

Maintain records as to all the inspection 
and tests carried out for future verifica¬ 
tion. 

M(QAC) 







Control of inspection, measuring, and test M(QAC) Quality assurance Calibration reports and 

equipment. Ensure the calibration of all manual internal audit 

inspection, measuring, and test equip¬ 
ment and maintain records as to the stor¬ 
age and handling of the equipment. 

Inspection and test status. The inspection M(QAC) Quality assurance Inspection and test 

and test status shall be maintained as de- manual plan and internal 

fined in the procedures as well as the audit 

ITP to ensure that only quality products 
are released for dispatch. 

Control of nonconforming products. Prod- M(Des) Quality assurance NCR 

uct which does not conform to the specific M(Prod) manual 

requirements is prevented from prog- M(QAC) 

ressing to the next stage of production. 

Nonconforming products shall be re¬ 
worked to meet the specified require¬ 
ments, accepted with or without repair or 
by concession, regraded for alternative 
use or rejected/scrapped. 

Repaired or reworked product shall be 
reinspected in accordance with inspection 
and test plan. 

Corrective and preventive action. Remedial M(QAC) Quality assurance Corrective action, in¬ 
action is to be taken to avoid nonconfor- M(Prod) manual spection report, 

mities in future. M(Des) check on updated doc¬ 

ument, and review 





m Activity Element 

Responsibility 

Applicable 

document 

Verifying Remark 

document/action 

Handling, storage, packing, preservation 

M(Prod) 

Quality assurance 

Inspect storage area. 

and delivery. The methods used for han- 

M(QAC) 

manual 

witness during ship- 

dling while in process as well as for the 

AM(Proc) 


ping, and review of 

end product shall be safe and free from 
risk of damage. 

The method of storage shall be such that 
deterioration of the end product shall be 
avoided. 

Packaging and packing shall be in accor¬ 
dance with customer requirements. 
Preserve and segregate product as neces¬ 
sary when the product is under manufac¬ 
turing control. 

On completion of the final testing and in¬ 
spection, the product shall be delivered 
with protection as desired by the client. 

Off? Store) 


packing list 

Control of quality records. All quality rec- 

M(QAC) 

Quality assurance 

Review of manufactur- 

ords shall be legible and be retained in 
such a way that they are readily avail¬ 
able for verification and shall be pre¬ 
served without any deterioration. 


manual 

er’s data report 

Internal quality audits. Internal quality 

GM 

Quality assurance 

Audit report 

audits shall be carried out to verify that 
the quality activities are followed reli¬ 
giously and meticulously for the effective¬ 
ness of the quality system. 

Findings of the quality audit shall be re¬ 
ported to the General Manager and the 
concerned departments to assess whether 
there is any possibility for improvement. 

M(QAC) 

manual 
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Inspection and Test Plan 


The following pages detail the inspection and test plan in tab¬ 
ular form. 
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Tier: 

ent: 

iject/Location: 
aipment Name & No. 


Document No. 
Revision No. 
Drawing No(s). 





Verifying 

Action 


Inspection/Tests 

TP/ 


Activity element 

document 

dept. 

QAC 

statutory 

Client Remarl 

Incoming raw material inspec¬ 
tion (heads, shell plates, 
pipes, flanges, forgings, fast- 

PO, code 
specifications 

Stores 

Pig 

Proc 

H 

V 

H 

ners, gaskets, and other pres¬ 
sure parts) 

Identification of heads and 

Drawing, code 

Prod 

H 

V 

H 

edge preparation, center hole 
plugging, etc. 

Identification of shell plates, 
transfer of identification and 

Drawing, cutting 
plan 

Prod 

H 

RW 

H 

marking on plates 

Bending of plates 

Drawing, code 

Prod 

— 

— 

— 

Fit-up of longitudinal seam for 
welding 

Drawing, code, 

WPS 

Prod 

H 

RW 

H 

Welding of longitudinal seam 

Drawing, code, 

WPS 

Prod 

H 

RW 

H 

NDT of longitudinal seams 

Drawing, code. 

QAC 

RT V 

V 

V 


NDT procedure 

QAC 

QAC 

UT W/V RW/V 

MPT&LPT RW/V V 

RW/V 

V 

Fit-up of shell-to-head, shell- 
to-shell, and shell-to-cone cir- 

Drawing, code, 

WPS 

Prod 

H 

— 

H 

cumferential seams 

Welding of circumferential 

seams 

Drawing, code, 

WPS 

Prod 

H 

RW 

H 

NDT of circumferential seams 

Drawing, code. 

RT QAC 

V 

V 

V 


NDT procedure 

UT QAC 
MPT&LPT QAC 

W/V 

RW/V 

RW/V 

V 

W/V 

RW/V 





Marking of nozzle orientation/ 

Drawing, code 

Prod 

H 

RW 

H 

location and those of other at¬ 
tachments 

Opening the shell for nozzles 

Drawing, code 

Prod 

H 

RW 

H 

and manholes 

Manufacture of subassemblies 
like manholes and nozzles 

Drawing, code, 

WPS 

Prod 

H 

RW 

H 

Fit-up of manholes and nozzles 

Drawing, code 

Prod 

H 

W 

H 

on the shell/head/cone 

Welding manholes and nozzles 

Drawing code, 

WPS 

Prod 

H 

RW 

H 

NDT of manhole and nozzle 

Drawing, code. 

UTQAC 

W/V 

V 

W/V 

welds 

NDT procedure 

MPT&LPT QAC 

RW/V 

V 

RW/V 

Fit-up and welding of other at- 

Drawing, code 

Prod 

H 

— 

H 

tachments like ladder, plat¬ 
form, and pipe supports, insu¬ 
lation clips, etc. 

Final dimensional check 

Drawing, code 

Prod 

QAC 

H 

V 

H 

Final visual inspection 

Drawing, code 

Prod 

QAC 

H 

w 

H 

Postweld heat treatment 

Drawing, code, 
PWHT procedure 

Prod 

H/V 

V 

H/V 

Re-NDT after postweld heat 
treatment 

Drawing, code, 

NDT procedure 

QAC 

V 

V 

V 

Final hydrostatic test 

Drawing, code, HT 
procedure 

Prod 

H 

H 

H 

Manufacture’s data report 

Client specification 

QAC 

H 

V 

H 


hold point; V, verification of document; W, witness; RW, random witness. 

tes: (1) The heads, shell plates, nozzles, flanges, fastners, gaskets, etc., are considered to be bought out items as per the customc 
reifications reproduced in the purchase order; (2) Considered that the client inspector is permanently posted at the shop; (3) Thir 
•ty/statutory inspection are envisaged only at certain important stages and may be modified based on specific requirements; (• 
leeded by client, even more specific ITP can be prepared for each vessel by listing each and every seam, nozzle, etc., which wi 
essential in the case of very critical and, especially, very high pressure vessels. 
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Standard Tolerances 
for Pressure Vessels 


The tolerances specified are in addition to the tolerances speci¬ 
fied in applicable standards for the vessel. 

1. The tolerance on diameter, considered as a differ¬ 
ence between the nominal diameter and the actual 
diameter calculated based on the actual measured 
outside circumference divided by n, shall be within 
that indicated in the following table: 


SI. no. 

Internal 
diameter (mm) 

Tolerance (mm) 

1 

Up to 1200 

±3 

2 

1201-2000 

±5 

3 

2001-5000 

£7 

4 

5001 and above 

±8 


301 





302 


Chapter 20 


2. For vessels with internal parts such as trays, grids, 
agitators, etc., the ovality measured as the differ¬ 
ence between the greatest and the smallest diame¬ 
ter shall be less than or equal to 1% of the nominal 
diameter, with a maximum of 25 mm. 

3. Tolerance on out-of-roundness in the case of vessels 
with external pressure shall be per the code require¬ 
ment. 

4. Tolerance on distance between the tangent lines 
shall be ±1.5 mm per meter, with a maximum of 
±25 mm. 

5. Tolerance on height from baseline for vertical ves¬ 
sels shall be ±3 mm for every 8 m of height, with a 
maximum of ±10 mm. 

6. Tolerance on the height of nozzles from the axis of 
the vessel shall be ±3 mm. 

7. Maximum permitted flange face out from the de¬ 
sired position shall be ± V 2 0 . For nozzles where agita¬ 
tors are connected, the tolerance is limited to '/6°. 

8. Maximum rotation of flange holes from the desired 
level: 1.5 mm 

9. Tolerance on height of manhole flange from the ves¬ 
sel axis: ±6 mm. 

10. Permitted face out of manhole flange in any direc¬ 
tion: ±1°. 

11. Tolerance on distance of flanged nozzle from refer¬ 
ence line: ±5 mm for distance less than or equal to 
3 m. Above 3 m, allowance may be calculated as ± 1 
mm per meter distance, with a maximum of ±25 
mm. 

12. Tolerance on manhole axis from the reference line: 
±12 mm. 

13. Tolerance on center to center distance of level indi¬ 
cator nozzles: ±1.5 mm. 

14. Tolerance on distance between bottom discharge 
axis and reference line: ±3 mm. 

15. Tolerance on nozzle orientation measured along the 
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circumference of the vessel, either between nozzles 
or from a reference point: ±3 mm for a distance less 
than or equal to 3 m and ± 1 mm per meter for dis¬ 
tances greater than 3 m, with a maximum of ±6 
mm. 

16. Tolerance on anchor bolt pitch circle diameter: ±3 
mm for diameter up to 2000 mm and ±6 mm for di¬ 
ameters above 2000 mm. 

17. Maximum deviation from horizontal plain of bear¬ 
ing surface of base ring or base plate: 


SI. no. 

Internal 
diameter (mm) 

Tolerance (mm) 

1 


±3 

2 


±5 

3 


±7 


18. Tolerance on height of anchor chair: ±6 mm. 

19. Tolerance on positioning of anchor bolts with regard 
to main axis: ±6 mm (with a tolerance of distance 
between bolts of ±5 mm). 

20. Tolerance on distance between reference line and 
base surface: +0 mm —10 mm. 

21. Tolerance on distance between reference line and 
lugs: +0 mm -10 mm. 

22. Tolerance on distance between tray support rings 
and reference line: ±6 mm. 

23. Tolerance on distance between lower edge of down¬ 
comer and upper surface of the tray support ring: 
±3 mm. 

24. Tolerance on distance between support rings of ad¬ 
jacent trays: ±3 mm. 

25. Tolerance on height of downcomer support: ±3 mm. 

26. Tolerance on distance between vessel axis and inter¬ 
nal face of downcomer support: ±3 mm. 
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27. Tolerance on the flatness of tray support rings: 0.8 
mm for every chord of 300 mm. The maximum devia¬ 
tion of support surface from the horizontal, mea¬ 
sured along the wall of the vessel in two points dia¬ 
metrically opposite to the tray, shall be 1.5 mm for 
vessels with internal diameter less than or equal to 
1200 mm and 3 mm for vessels with internal diame¬ 
ter greater than 1200 mm. 

28. Tolerance on distance between support clips or ex¬ 
ternal welded rings and reference line or vessel axis: 
±6 mm. 

29. Tolerance on distance between external supports 
welded in pair: ±3 mm. 
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ASME Exhibits 


This chapter consists of exhibits reproduced from ASME 
Boiler and Pressure Vessel Code Section VIII Div (1), by per¬ 
mission of the American Society of Mechanical Engineers. All 
rights reserved. 

1 UW 34: SPIN HOLES 

Refer to Chapter 3, Section 5.3. 

Spin holes are permitted at the center of heads to facili¬ 
tate forming. Spin holes not greater in diameter than 2% in. 
may be closed with a full penetration weld using either a 
welded plug or weld metal. The weld and plug shall be no thin¬ 
ner than the head material adjacent to the spin hole. 
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The finished weld shall be examined and shall meet the 
acceptance requirements of Appendix 6 or Appendix 8 of this 
Division. Radiographic examination, if required by UW 11(a), 
and additional inspections, if required by the material specifi¬ 
cation, shall be performed. 

This weld is a butt weld, but it is not categorized. It shall 
not be considered in establishing the joint efficiency of any 
part of the head or of the head-to-shell weld. 


2 UG 81: TOLERANCE FOR FORMED 
HEADS 

Refer to Chapter 3, Section 7.1. 

(a) The inner surface of a torispherical, toriconical, 
hemispherical, or ellipsoidal head shall not deviate outside of 
the specified shape by more than l l U% of D nor inside the spec¬ 
ified shape by more than 5 /s% of D, where D is the nominal 
inside diameter of the vessel shell at point of attachment. Such 
deviations shall be measured perpendicular to the specified 
shape and shall not be abrupt. The knuckle radius shall not 
be less than that specified. 

(b) Hemispherical heads or any spherical portion of a 
torispherical or ellipsoidal head designed for external pres¬ 
sure shall, in addition to satisfying (a) above, meet the toler¬ 
ances specified for spheres in UG 80(b) using a value of 0.5 
for LI Do. 

(c) Measurements for determining the deviations speci¬ 
fied in (a) above shall be taken from the surface of the base 
metal and not from welds. 

(d) The skirts of heads shall he sufficiently true to 
round so that the difference between the maximum and mini¬ 
mum inside diameters shall not exceed 1% of the nominal di¬ 
ameter. 

(e) When the skirt of any unstayed formed head is ma¬ 
chined to make a driving fit into or over a shell, the thickness 
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shall not be reduced to less than 90% of that required for a 
blank head (see UW 13) or the thickness of the shell at the 
point of attachment. When so machined, the transition from 
the machined thickness to the original thickness of the head 
shall not be abrupt but shall be tapered for a distance of at 
least three times the difference between the thicknesses. 

3 UG 80.1: PERMISSIBLE DEVIATION 
FROM CIRCULAR FORM FOR VESSELS 
UNDER EXTERNAL PRESSURE 

Refer to Chapter 3, Section 7.2. 



Da**! Langtti ♦ Outvda Diamatsr. L/D p 


Figure 21.1 (ASME Figure UG 80.1) Maximum permissible devia¬ 
tion from a circular form e for vessels under external pressure. 
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4 UG 29.2: MAXIMUM UNSUPPORTED 
SHELL ARC FOR VESSELS UNDER 
EXTERNAL PRESSURE 

Refer to Chapter 3, Section 7.2 and Chapter 4, Section 5.3. 



0.01 0.02 004 0.06 0.10 0.2 0.4 06 1.0 2 3 4 5 6 8 10 

Det*gn Length ♦ Outside Diameter. L/D Q 


Figure 21.2 (ASME Figure UG 29.2) Maximum are of shell left 
unsupported because of gap in stiffening ring of cylindrical shell un¬ 
der external pressure. 


5 UW 33: ALIGNMENT TOLERANCE 

Refer to Chapter 3, Section 7.2 and Chapter 4, Section 8.1. 
(a) Alignment of sections at the edges to be butt welded 
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Table 21.1 UW 33: Tolerance For Alignment of Shells 


Section thickness (in.) 

Joint Categories 

A 

B, C, and D 

Up to V 2 , inch 

'At 

'M 

Over V 2 to 3 A, inch 

Vs in. 

'M 

Over 3 U to IV 2 , inch 

Vs in. 

3 /ie in. 

Over IV 2 to 2, inch 

'k in. 

'/st 

Over 2 

Lesser of l /iat or % in. 

Lesser of Vat or % in. 


shall be such that the maximum offset is not greater than the 
applicable amount for the welded joint category (see UW 3) 
under considerations, as listed in Table UW 33. The section 
thickness t is the nominal thickness of the thinner section of 
the joint. 

(b) Any offset within the allowable tolerance provided 
above shall be faired at a three-to-one taper over the width of 
the finished weld, or if necessary, by adding additional weld 
metal beyond what would otherwise be the edge of the weld. 
Such additional weld metal build up shall be subject to the 
requirements of UW 42. 


6 UW 11: RADIOGRAPHIC AND ULTRASONIC 
EXAMINATION 

Refer to Chapter 3, Section 8.3 and Chapter 4, Section 7.16. 

(a) Full radiography. The following welded joints 
shall be examined radiographically for their full length in the 
manner prescribed in UW 51: 

(1) All butt welds in the shell and heads of vessels 
used to contain lethal substances (see UW 2(a)). 

(2) All butt welds in vessels in which the nominal 
thickness (see (g) below) at the welded joint ex¬ 
ceeds IV 2 in. (38 mm), or exceeds the lesser thick- 
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nesses prescribed in UCS 57, UNF 57, UHA 33, 
UCL 35, or UCL 36 for the materials covered 
therein, or as otherwise prescribed in UHT 57, 
ULW 51, ULW 52(d), ULW 54, or ULT 57; how¬ 
ever, except as required by UHT 57(a), categories 
B and C butt welds in nozzles and communicating 
chambers that neither exceed NPS 10 nor l'/s in. 
(29 mm) wall thickness do not require any radio- 
graphic examination. 

(3) All butt welds in the shell and heads of unfired 
steam boilers having design pressures exceeding 
50 psi (345 kPa) (see UW 2(c)). 

(4) All butt welds in nozzles, communicating cham¬ 
bers, etc., attached to vessel sections or heads that 
are required to be fully radiographed under (1) or 
(3) above; however, except as required by UHT 
57(a), categories B and C butt welds in nozzles and 
communicating chambers that neither exceed NPS 
10 nor lVs in. (29 mm) wall thickness do not re¬ 
quire any radiographic examination. 

(5) All category A and D butt welds in vessel sections 
and heads where the design of the joint or part is 
based on a joint efficiency permitted by UW 12(a), 
in which case: 

(a) Category A and B welds connecting the vessel 
sections or heads shall be of Type No. (1) or Type 
No. (2) of Table UW 12. 

(b) Category B or C butt welds [but not including 
those in nozzles or communicating chambers ex¬ 
cept as required in (2) above) which intersect the 
category A butt welds in vessel sections or heads 
or connect seamless vessel sections or heads 
shall, as a minimum, meet the requirements for 
spot radiography in accordance with UW 52. 
Spot radiographs required by this paragraph 
shall not be used to satisfy the spot radiography 
rules as applied to any other weld increment. 
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(6) All but welds joined by electrogas welding with any 
single pass greater than IV 2 in. (38 mm) and all 
butt welds joined by electroslag welding. 

(7) Ultrasonic examination in accordance with UW 53 
may be substituted for radiography for the final 
closure seam of a pressure vessel if the construc¬ 
tion of the vessel does not permit interpretable ra¬ 
diographs in accordance with Code requirements. 
The absence of suitable radiographic equipment 
shall not be justification for such substitution. 

(8) Exemptions from radiographic examination for 
certain welds in nozzles and communicating cham¬ 
bers as described in (2), (4), and (5) above take pre¬ 
cedence over the radiographic requirements of 
Subsection C of this Division. 

(b) Spot radiography. Except as required in (a)(5)(b) 
above, butt welded joints made in accordance with Type No. 
(1) or (2) of Table UW 12 which are not required to be fully 
radiographed by (a) above, may be examined by spot radiogra¬ 
phy. Spot radiography shall be in accordance with UW 52. If 
spot radiography is specified for the entire vessel, radio- 
graphic examination is not required of category B and C butt 
welds in nozzles and communicating chambers that exceed 
neither NPS 10 nor lVs in. (29 mm) wall thickness. Note: This 
requirement specifies spot radiography for butt welds of Type 
No. (1) or (2) that are used in a vessel, but does not preclude 
the use of fillet and/or corner welds permitted by other para¬ 
graphs, such as for nozzle and manhole attachments, welded 
stays, flat heads, etc., which need not be spot radiographed. 

(c) No radiography. Except as required in (a) above, 
no radiographic examination of welded joints is required when 
the vessel or vessel part is designed for external pressure only, 
or when the joint design complies with UW 12(c) 

(d) Electrogas welds in ferritic materials with any sin¬ 
gle pass greater than U /2 in. (38 mm) and electroslag welds in 
ferritic materials shall be ultrasonically examined throughout 
their entire length in accordance with the requirements of Ap- 
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pendix 12. This ultrasonic examination shall be done following 
the grain refining (austenitizing) heat treatment or post weld 
heat treatment. 

(e) In addition to the requirements in (a) and (b) above, 
all welds made by the electron beam process shall be ultrason- 
ically examined for their entire length in accordance with the 
requirements of Appendix 12. 

(f) When radiography is required for a welded joint in 
accordance with (a) and (b) above, and the weld is made by 
the inertia and continuous drive friction welding processes, 
the welded joints shall also be ultrasonically examined for 
their entire length in accordance with Appendix 12. 

(g) For radiographic and ultrasonic examination of butt 
welds, the definition of the nominal thickness at the welded 
joint under consideration shall be the nominal thickness of the 
thinner of the two parts joined. Nominal thickness is defined 
in 3-2. 

7 UW 50: NONDESTRUCTIVE EXAMINATION 
OF WELDS ON PNEUMATICALLY TESTED 
VESSELS 

Refer to Chapter 3, Section 8.3. 

On welded pressure vessels to be pneumatically tested in 
accordance with UG 100, the full length of the following welds 
shall be examined for the purpose of detecting cracks: 

(a) All welds around openings 

(b) All attachment welds, including welds attaching 
nonpressure parts to pressure parts, having a throat 
thickness greater than l U in. (6 mm) 

8 UW 51; RADIOGRAPHIC AND 
RADIOSCOPIC EXAMINATION OF WELDED 
JOINTS 

Refer to Chapter 3, Section 8.3 and Chapter 4, Section 7.16. 
(a) All welded joints to be radiographed shall be exam- 
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ined in accordance with Article 2 of Section V except as speci¬ 
fied below. 

(1) A complete set of radiographs and records, as de¬ 
scribed in T 291 and T 292 of Article 2 of Section 
V, for each vessel or vessel part shall be retained 
by the manufacturer until the manufacturer’s data 
report has been signed by the inspector. 

(2) The manufacturer shall certify that personnel per¬ 
forming and evaluating radiographic examina¬ 
tions required by this Division have been qualified 
and certified in accordance with their employer’s 
written practice. SNT-TC-1A shall be used as a 
guideline for employers to establish their written 
practice for qualification and certification of their 
personnel. Alternatively, the ASNT Central Certi¬ 
fication Program (ACCP) may be used to fulfill this 
examination and demonstration requirements of 
SNT-TC-1A and the employer’s written practice. 
Provisions for training, experience, qualification, 
and certification of NDE personnel shall be de¬ 
scribed in the manufacturer’s quality control sys¬ 
tem [see Appendix 10]. 

(3) The requirements of T 285 of Article 2 of Section 
V are to be used only as a guide. Final acceptance 
of radiographs shall be based on the ability to see 
the prescribed penetrameter image and the speci¬ 
fied hole or the designated wire of a wire penetram¬ 
eter. 

(b) Indications shown on the radiographs of welds and 
characterized as imperfections are unacceptable under the fol¬ 
lowing conditions and shall be repaired as provided in UW 38, 
and the repair radiographed to UW 51 or, at the option of the 
manufacturer, ultrasonically examined in accordance with the 
method described in Appendix 12 and the standards specified 
in this paragraph, provided the defect has been confirmed by 
the ultrasonic examination to the satisfaction of the author¬ 
ized inspector prior to making the repair. For material thick¬ 
nesses in excess of 1 in., the concurrence of the user shall be 
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obtained. This ultrasonic examination shall be noted under 
remarks on the manufacturer’s data report form: 

(1) Any indication characterized as a crack or zone of 
incomplete fusion or penetration. 

(2) Any other elongated indication on the radiograph 
which has length greater than 

(a) V 4 in. for t up to 3 A in. 

(b) l ht for t from 3 A in. to 2'A in. 

(c) 3 A in. for t over 2'/4 in., where t — the thickness of 
the weld excluding any allowable reinforcement. 
For a butt weld joining two members having dif¬ 
ferent thicknesses at the weld, t is the thinner of 
these two thicknesses. If a full penetration weld 
includes a fillet weld, the thickness of the throat 
of the fillet shall be included in t. 

(3) Any group of aligned indications that have an ag¬ 
gregate length greater than t in a length of 12 1, 
except when the distance between the successive 
imperfections exceeds 6 L, where L is the length of 
the longest imperfection in the group. 

(4) Rounded indications in excess of that specified by 
the acceptance standards given in Appendix 4. 

(c) All welded joints to be examined by real time radio- 
scopic examination shall be examined in accordance with Ap¬ 
pendix II of Article 2 of Section V as specified below. 

(1) A complete set of records, as described in 11-292, 
shall be evaluated by the manufacturer prior to be¬ 
ing presented to the inspector. Imperfections listed 
in UW 51(b)(1), (2), (3), and (4) are unacceptable 
and shall be repaired as provided in UW 38 and 
the repair re-examined by either film or real time 
radioscopic examination. Records shall be retained 
by the manufacturer until the data report has been 
signed by the inspector. 

(2) Provisions for training, experience, qualification, 
and certification of personnel responsible for 
equipment set-up, calibration, operation, and eval- 
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uation of examination data shall be described in 
the manufacturer’s quality control system [see Ap¬ 
pendix 10]. 

(3) The use of real time radioscopic examination shall 
be noted under remarks on the Manufacturer’s 
Data Report. 

9 UW 52; SPOT EXAMINATION OF WELDED 
JOINTS 

Refer to Chapter 3, Section 8.3 and Chapter 4, Section 7.16. 

Note: Spot radiographing of a welded joint is recognized 
as an effective inspection tool. The spot radiography rules are 
also considered to be an aid to quality control. Spot radio¬ 
graphs made directly after a welder or an operator has com¬ 
pleted a unit of weld proves that the work is or is not being 
done in accordance with a satisfactory procedure. If the work 
is unsatisfactory, corrective steps can then be taken to im¬ 
prove the welding in the subsequent units, which unquestion¬ 
ably will improve the weld quality. 

Spot radiography in accordance with these rules will not 
ensure a fabrication product of a predetermined quality level 
throughout. It must be realized that an accepted vessel under 
these spot radiography rules may still contain defects which 
might be disclosed on further examination. If all radiographi¬ 
cally disclosed weld defects must be eliminated from a vessel, 
then 100% radiography must be employed. 

(a) Butt welded joints which are to be spot radio¬ 
graphed shall be examined locally as provided herein. 

(b) Minimum extent of spot radiographic examination: 

(1) One spot shall be examined on each vessel for each 

50 ft (15.2 m) increment of weld or fraction thereof 
for which a joint efficiency from column (b) of Table 
UW 12 is selected. However, for identical vessels, 
each with less than 50 ft (15.2 m) of weld for which 
a joint efficiency from column (b) of Table UW 12 
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is selected, 50 ft (15.2 m) increments of weld may 
be represented by one spot examination. 

(2) For each increment of weld to be examined, a suf¬ 
ficient number of spot radiographs shall be taken 
to examine the welding of each welder or welding 
operator. Under conditions where two or more 
welders or welding operators make weld layers in 
a joint, or on the two sides of a double-welded butt 
joint, one spot may represent the work of all weld¬ 
ers or welding operators. 

(3) Each spot examination shall be made as soon as 
practicable after completion of the increment of 
weld to be examined. The location of the spot shall 
be chosen by the inspector after completion of the 
increment of welding to be examined, except that 
when the inspector has been notified in advance 
and cannot be present or otherwise make the selec¬ 
tion, the fabricator may exercise his own judgment 
in selecting the spots. 

(4) Radiographs required at specific locations to sat¬ 
isfy the rules of other paragraphs, such as UW 
9(d), UW 11(a)(5)(b), and UW 14(b), shall not be 
used to satisfy the requirements for spot radiog¬ 
raphy. 

(c) Standards for spot radiographic examination. Spot 
examination by radiography shall be made in accordance with 
the technique prescribed in UW 51(a). The minimum length 
of the spot radiograph shall be 6 in. Spot radiographs may be 
retained or discarded by the manufacturer after acceptance of 
the vessel by the inspector. The acceptability of welds exam¬ 
ined by spot radiography shall be judged by the following stan¬ 
dards: 

(1) Welds in which indications are characterized as 
cracks or zones of incomplete fusion or penetration 
shall be unacceptable. 

(2) Welds in which indications are characterized as 
slag inclusions or cavities shall be unacceptable if 
the length of any such indication is greater than 
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2 ht, where t is the thickness of the weld excluding 
any allowable reinforcement. For a butt weld join¬ 
ing two members having different thicknesses at 
the weld, t is the thinner of these two thicknesses. 
If a full penetration weld includes a fillet weld, the 
thickness of the throat of the fillet shall be included 
in t. If several indications within the above limita¬ 
tions exist in line, the welds shall be judged accept¬ 
able if the sum of the longest dimensions of all such 
indications is not more than t in a length of 6t (or 
proportionately for radiographs shorter than 6t) 
and if the longest indications considered are sepa¬ 
rated by at least 3 L of acceptable weld metal, where 
L is the length of the longest indication. The maxi¬ 
mum length of acceptable indications shall be in. 
(19 mm). Any such indications shorter than Va in. (6 
mm) shall be acceptable for any plate thickness. 

(3) Rounded indications are not a factor in the accept¬ 
ability of welds not required to be fully radio¬ 
graphed. 

(d) Evaluation and retests: 

(1) When a spot, radiographed as required in (b)(1) or 
(b)(2) above, is acceptable in accordance with (c)(1) 
and (c)(2) above, the entire weld increment repre¬ 
sented by this radiograph is acceptable. 

(2) When a spot, radiographed as required in (b)(1) or 
(b)(2) above, has been examined and the radio¬ 
graph discloses welding which does not comply 
with the minimum quality requirements of (c)(1) 
or (c)(2) above, two additional spots shall be radio¬ 
graphically examined in the same weld increment 
at locations away from the original spot. The loca¬ 
tions of these additional spots shall be determined 
by the inspector or fabricator as provided for the 
original spot examination in (b)(3) above. 

(a) If the two additional spots examined show weld¬ 
ing which meets the minimum quality require¬ 
ments of (c)(1) and (c)(2) above, the entire weld 
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increment represented by the three radiographs 
is acceptable provided the defects disclosed by the 
first of the three radiographs are removed and the 
area repaired by welding. The weld-repaired area 
shall be radiographically examined in accordance 
with the foregoing requirements of UW 52. 

(b) If either of the two additional spots examined 
shows welding which does not comply with the 
minimum quality requirements of (c)(1) or (c)(2) 
above, the entire increment of weld represented 
shall be rejected. The entire rejected weld shall 
be removed and the joint shall be rewelded or, 
at the fabricator’s option, the entire increment 
of weld represented shall be completely radio¬ 
graphed and only defects need be corrected. 

(c) Repair welding shall be performed using a quali¬ 
fied procedure and in a manner acceptable to the 
inspector. The rewelded joint, or the weld-re- 
paired areas, shall be spot radiographically ex¬ 
amined at one location in accordance with the 
foregoing requirements of UW 52. 

10 ASME APPENDIX 4: ROUNDED 
INDICATIONS CHARTS, ACCEPTANCE 
STANDARD FOR RADIOGRAPHICALLY 
DETERMINED ROUNDED INDICATIONS 
IN WELDS 

Refer to Chapter 3, Section 8.3 and Chapter 4, Section 7.16. 
4-1 Applicability of These Standards 

These standards are applicable to ferritic, austenitic, and non- 
ferrous materials. 

4-2 Terminology 

(a) Rounded indications. Indications with a maxi¬ 
mum length of three times the width or less on the radiograph 
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are defined as rounded indications. These indications may be 
circular, elliptical, conical, or irregular in shape and may have 
tails. When evaluating the size of an indication, the tail shall 
be included. The indication may be from any imperfection in 
the weld, such as porosity, slag, or tungsten. 

(b) Aligned indications. A sequence of four or more 
rounded indications shall be considered to be aligned when 
they touch a line parallel to the length of the weld drawn 
through the center of the two outer rounded indications. 

(c) Thickness*, t). t is the thickness of the weld, exclud¬ 
ing any allowable reinforcement. For a butt weld joining two 
members having different thicknesses at the weld, t is the 
thinner of these two thicknesses. If a full penetration weld in¬ 
cludes a fillet weld, the thickness of the throat of the fillet shall 
be included in t. 

4-3 Acceptance Criteria 

(a) Imagedensity. Density within the image of the indi¬ 
cation may vary and is not a criterion for acceptance or rejection. 

(b) Relevant indications. (See Table A4-1 for exam¬ 
ples.) Only those rounded indications which exceed the follow¬ 
ing dimensions shall be considered relevant: 

Vio t for t less than Vs in. (3.2 mm). 

764 in. for t from Vs to x k in. (3.2 to 6 mm), incl. 

V 32 in. for t greater than V 4 to 2 in. (6 to 51 mm), incl. 

Vi6 in. for t greater than 2 in. (51 mm) 

(c) Maximum size of rounded indication. (See Table 
A4-1 for examples.) The maximum permissible size of any in¬ 
dication shall be V 4 1, or V 32 in. (4 mm), whichever is smaller; 
except that an isolated indication separated from an adjacent 
indication by 1 in. (25 mm) or more may be V 3 t or V 4 in. (6 
mm), whichever is less. For t greater than 2 in. (51 mm), the 
maximum permissible size of an isolated indication shall be 
increased to 3 /s in. (10 mm). 

(d) Aligned rounded indications. Aligned rounded in¬ 
dications are acceptable when the summation of the diameters 
of the indications is less than t in a length of 12 t. See Figure 
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A4-1. The length of groups of aligned rounded indications and 
the spacing between the groups shall meet the requirements 
of Figure A4-2. 

(e) Spacing. The distance between adjacent rounded 
indications is not a factor in determining acceptance or rejec¬ 
tion, except as required for isolated indications or groups of 
aligned indications. 

(f) Rounded indication charts. The rounded indica¬ 
tions characterized as imperfections shall not exceed those 
shown in the charts. The charts in Figures A4-3 through A4- 
8 illustrate various types of assorted, randomly dispersed and 
clustered rounded indications for different weld thicknesses 
greater than Vs in. (3.2 mm). These charts represent the maxi¬ 
mum acceptable concentration limits for rounded indications. 
The charts for each thickness range represent full-scale 6-in. 
radiographs and shall not be enlarged or reduced. The distri¬ 
butions shown are not necessarily the patterns that may ap¬ 
pear on the radiograph, but are typical of the concentration 
and size of indications permitted. 

(g) Weld thickness t less than Vs in. (3.2 mm). Formless 
than Vs in. (3.2 mm), the maximum number of rounded indica¬ 
tions shall not exceed 12 in a 6-in. (152-mm) length of weld. 
A proportionally fewer number of indications shall be permit¬ 
ted in welds less than 6 in. (152 mm) in length. 

(h) Clustered indications. The illustrations for clus¬ 
tered indications show up to four times as many indications 
in a local area, as that shown in the illustrations for random 
indications. The length of an acceptable cluster shall not ex¬ 
ceed the lesser of 1 in. (25 mm) or 2 1. Where more than one 
cluster is present, the sum of the lengths of the clusters shall 
not exceed 1 in. (25 mm) in a 6-in. (152-mm) length weld. 
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Figure A4-1 Aligned rounded indications. 
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Figure A4-2 Groups of aligned rounded indications. 



RANDOM ROUNDED INDICATIONS 

Typical concentration and we permitted 
•a any 6 »n length oi weld 



ISOLATED INDICATION CLUSTER 

Maximum we per Table 41 


Figure A4-3 Charts for t equal to Vs in. to l U in., inclusive. 



RANDOM ROUNDED INDICATIONS 


Typical concentration and we permitted 
m any 6 in length ol weld 



ISOLATED INDICATION CLUSTER 

Maximum sire per Table 4-1 


Figure A4-4 Charts for t over ‘A in. to % in., inclusive 
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RANDOM ROUNDED INDICATIONS 

Typical concentration end mt permuted 
•n any 6 *n length o' weld 



ISOLATED INDICATION CLUSTER 

Maximum we per Table 4-1 


Figure A4-5 Charts for t over % in. to 3 h in., inclusive. 



RANDOM ROUNDED M DICATIONS 

Typcal concentration and sue permitted 
In any 6 «. length of weld 



ISOLATED INDICATION CLUSTER 

Maximum sue per Table 4-1 


Figure A4-6 Charts for t over 3 U in. to 2 in., inclusive. 










RANDOM ROUNDED INDICATIONS 
Typical concentration of HN parmuttd 
•n any 6 in length of *yfkl 



ISOLATED INDICATION CLUSTER 

Mix-morn t /• o*< Table 4 1 


Figure A4-7 Charts for t over 2 in. to 4 in., inclusive. 



RANDOM ROUNDED INDICATIONS 
Typical Concentration and HI* P *muted 
in any 6 in. length of wold. 



ISOLATE0 INDICATION CLUSTER 

Maximum w* par Tabic 4-1 


Figure A4-8 Charts for t over 4 in. 
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Table A4-1 


Thickness t (in.) 

Maximum size of 
acceptable rounded 
indication (in.) 

Maximum size of 
nonrelevant 
indication (in.) 

Random 

Isolated 

Less than Vs 

V*t 

'ht 

V 10 1 

Vs 

0.031 

0.042 

0.015 

3 /lS 

0.047 

0.063 

0.015 

'/« 

0.063 

0.083 

0.015 

5 /l6 

0.078 

0.104 

0.031 

% 

0.091 

0.125 

0.031 

7 /lS 

0.109 

0.146 

0.031 

V 2 

0.125 

0.168 

0.031 

9 /l6 

0.142 

0.188 

0.031 

5 /s 

0.156 

0.210 

0.031 

"/IS 

0.156 

0.230 

0.031 

3 /< to 2, incl. 

0.156 

0.250 

0.031 

Over 2 

0.156 

0.375 

0.063 


Notes: (1) This table contains examples only. 


11 UW 53: TECHNIQUE FOR ULTRASONIC 
EXAMINATION OF WELDED JOINTS 

Refer to Chapter 3, Section 8.3 and Chapter 4, Section 7.16. 

Ultrasonic examination of welded joints when required 
or permitted by other paragraphs of this Division shall be per¬ 
formed in accordance with Appendix 12 and shall be evaluated 
to the acceptance standards specified in Appendix 12. The 
written examination procedure shall be available to the in¬ 
spector and shall be proven by actual demonstration to the 
satisfaction of the inspector to be capable of detecting and lo¬ 
cating imperfections described in this Division. 
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12 ASME APPENDIX 12: ULTRASONIC 
EXAMINATION OF WELDS (UT) 

Refer to Chapter 3, Section 8.3 and Chapter 4, Section 7.16. 
12-1 Scope 

(a) This Appendix describes methods which shall be 
employed when ultrasonic examination of welds is specified in 
this Division. 

(b) Article 5 of Section V shall be applied for detail re¬ 
quirements in methods, procedures, and qualifications unless 
otherwise specified in this Appendix. 

(c) Ultrasonic examination shall be performed in accor¬ 
dance with a written procedure, certified by the manufacturer 
to be in accordance with the requirements of T 150 of Section 
V. 

12-2 Certification of Competence 
of Nondestructive Examiner 

The manufacturer shall certify that personnel performing and 
evaluating ultrasonic examinations required by this Division 
have been qualified and certified in accordance with their em¬ 
ployer’s written practice. SNT-TC-1A shall be used as a guide¬ 
line for employers to establish their written practice for quali¬ 
fication and certification of their personnel. Provisions for 
training, experience, qualification, and certification of NDE 
personnel shall be described in the manufacturer’s quality 
control system [see Appendix 10]. 

12-3 Acceptance/Rejection Standards 

These standards shall apply unless other standards are speci¬ 
fied for specific applications within this Division. 

Imperfections which produce a response greater than 
20 % of the reference level shall be investigated to the extent 
that the operator can determine the shape, identity, and loca- 
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tion of all such imperfections and evaluate them in terms of 
the acceptance standards given in (a) and (b) below. 

(a) Indications characterized as cracks, lack of fusion, 
or incomplete penetration are unacceptable regard¬ 
less of length. 

(b) Other imperfections are unacceptable if the indica¬ 
tions exceed the reference level amplitude and have 
lengths which exceed 

(1) V 4 in. (6 mm) for t up to 3 A in. (19 mm) 

(2) V 3 1 for t from 3 U to 2‘A in. (19 to 57 mm) 

(3) 3 A in. for t over 2 1 /* in. (57 mm) 

where t is the thickness of the weld excluding any allow¬ 
able reinforcement. For a butt weld joining two mem¬ 
bers having different thicknesses at the weld, t is the 
thinner of these two thicknesses. If a full penetration 
weld includes a fillet weld, the thickness of the throat 
of the fillet shall be included in t. 

12-4 Report of Examination 

The manufacturer shall prepare a report of the ultrasonic ex¬ 
amination and a copy of this report shall be retained by the 
manufacturer until the manufacturer’s data report has been 
signed by the inspector. The report shall contain the informa¬ 
tion required by Section V. In addition, a record of repaired 
areas shall be noted as well as the results of the re-examina- 
tion of the repaired areas. The manufacturer shall also main¬ 
tain a record of all reflections from uncorrected areas having 
responses that exceed 50% of the reference level. This record 
shall locate each area, the response level, the dimensions, the 
depth below the surface, and the classification. 

13 ASME APPENDIX 6: METHODS FOR 
MAGNETIC PARTICLE EXAMINATION (MT) 

Refer to Chapter 3, Section 8.3 and Chapter 4, Section 7.16. 
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6-1 Scope 

(a) This Appendix provides for procedures which shall 
be followed whenever magnetic particle examination 
is specified in this Division. 

(b) Article 7 of Section V shall be applied for the detail 
requirements in methods and procedures, and the 
additional requirements specified within this Ap¬ 
pendix. 

(c) Magnetic particle examination shall be performed in 
accordance with a written procedure, certified by the 
manufacturer to be in accordance with the require¬ 
ments of T 150 of Section V. 

6-2 Certification of Competency for 

Nondestructive Examination Personnel 

The manufacturer shall certify that each magnetic particle ex¬ 
aminer meets the following requirements: 

(a) He has vision, with correction if necessary, to enable 
him to read a Jaeger Type No. 2 Standard Chart at 
a distance of not less than 12 in. and is capable of 
distinguishing and differentiating contrast between 
colors used. These requirements shall be checked an¬ 
nually. 

(b) He is competent in techniques of the magnetic parti¬ 
cle examination method for which he is certified, in¬ 
cluding making the examination, and interpreting 
and evaluating the results, except that where the ex¬ 
amination method consists of more than one opera¬ 
tion, he may be certified as being qualified only for 
one or more of these operations. 

6-3 Evaluation of Indications 

Indications will be revealed by retention of magnetic particles. 

All such indications are not necessarily imperfections, how- 
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ever, since excessive surface roughness, magnetic permeabil¬ 
ity variations (such as at the edge of heat affected zones), etc., 
may produce similar indications. An indication is the evidence 
of a mechanical imperfection. Only indications which have any 
dimension greater than Vi6 in. (1.6 mm) shall be considered 
relevant. 

(a) A linear indication is one having a length greater 
than three times the width. 

(b) A rounded indication is one of circular or elliptical 
shape with a length equal to or less than three times 
its width. 

(c) Any questionable or doubtful indications shall be re¬ 
examined to determine whether or not they are rele¬ 
vant. 

6-4 Acceptance Standards 

These acceptance standards shall apply unless other more re¬ 
strictive standards are specified for specific materials or appli¬ 
cations within this Division. 

All surfaces to be examined shall be free of 

(a) Relevant linear indications 

(b) Relevant rounded indications greater than 3 /i6 in. 
(4.8 mm) 

(c) Four or more relevant rounded indications in a line 
separated by Vi6 in. (1.6 mm) or less, edge to edge 

(d) An indication of an imperfection may be larger than 
the imperfection that causes it; however, the size of 
the indication is the basis for acceptance evaluation. 

6-5 Repair Requirements 

The defect shall be removed or reduced to an imperfection of 
acceptable size. Whenever an imperfection is removed by chip¬ 
ping or grinding and subsequent repair by welding is not re¬ 
quired, the excavated area shall be blended into the sur- 
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rounding surface so as to avoid sharp notches, crevices, or 
corners. Where welding is required after removal of an imper¬ 
fection, the area shall be cleaned and welding performed in 
accordance with a qualified welding procedure. 

(a) Treatment of indications believed nonrelevant. Any 
indication which is believed to be nonrelevant shall be re¬ 
garded as an imperfection unless it is shown by re-examina- 
tion by the same method or by the use of other nondestructive 
methods and/or by surface conditioning that no unacceptable 
imperfection is present. 

(b) Examination of areas from which imperfections have 
been removed. After a defect is thought to have been removed 
and prior to making weld repairs, the area shall be examined 
by suitable methods to ensure it has been removed or reduced 
to an acceptably sized imperfection. 

(c) Re-examination of repair areas. After repairs have 
been made, the repaired area shall be blended into the sur¬ 
rounding surface so as to avoid sharp notches, crevices, or cor¬ 
ners and re-examined by the magnetic particle method and by 
all other methods of examination that were originally required 
for the affected area, except that, when the depth of repair is 
less than the radiographic sensitivity required, reradiography 
may be omitted. 


14 ASME APPENDIX 8: METHODS FOR 
LIQUID PENETRANT EXAMINATION (PT) 

Refer to Chapter 3, Section 8.3 and Chapter 4, Section 7.16. 
Note: Satisfactory application of this method of examination 
requires special skills in the techniques involved and in inter¬ 
presting the results. The requirements specified herein pre¬ 
sume application by suitably experienced personnel. 

8-1 Scope 

(a) This Appendix describes methods which shall be em- 
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ployed whenever liquid penetrant examination is 
specified in this Division. 

(b) Article 6 of Section V shall be applied for detail re¬ 
quirements in methods, procedures, and qualifica¬ 
tions unless specified within this Appendix. 

(c) Liquid penetrant examination shall be performed in 
accordance with a written procedure, certified by the 
manufacturer to be in accordance with the require¬ 
ments of T 150 of Section V. 

8-2 Certification of Competency 
of Nondestructive Examination Personnel 

The manufacturer shall certify that each liquid penetrant ex¬ 
aminer meets the following requirements: 

(a) He has vision, with correction if necessary, to enable 
him to read a Jaeger Type No. 2 Standard Chart at 
a distance of not less than 12 in. (305 mm) and is 
capable of distinguishing and differentiating con¬ 
trast between colors used. These requirements shall 
be checked annually. 

(b) He is competent in techniques of the liquid pene¬ 
trant examination method for which he is certified, 
including making the examination and interpreting 
and evaluating the results, except that, where the 
examination method consists of more than one oper¬ 
ation, he may be certified as being qualified only for 
one or more of these operations. 

8-3 Evaluation of Indications 

An indication is the evidence of a mechanical imperfection. 
Only indications with major dimensions greater than Vi6 in. 
shall be considered relevant. 

(a) A linear indication is one having a length greater 
than three times the width. 
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(b) A rounded indication is one of circular or elliptical 
shape with the length equal to or less than three 
times the width. 

(c) Any questionable or doubtful indications shall be re¬ 
examined to determine whether or not they are rele¬ 
vant. 

8-4 Acceptance Standards 

These acceptance standards shall apply unless other more re¬ 
strictive standards are specified for specific materials or appli¬ 
cations within this Division. 

All surfaces to be examined shall be free of 

(a) Relevant linear indications 

(b) Relevant rounded indications greater than 3 /i6 in. 
(4.8 mm) 

(c) Four or more relevant rounded indications in a line 
separated by Vi6 in. (1.6 mm) or less, edge to edge 

(d) An indication of an imperfection may be larger than 
the imperfection that causes it; however, the size of 
the indication is the basis for acceptance evaluation. 

8-5 Repair Requirements 

Unacceptable imperfections shall be repaired and re-examina- 
tion made to assure removal or reduction to an acceptable size. 
Whenever an imperfection is repaired by chipping or grinding 
and subsequent repair by welding is not required, the exca¬ 
vated area shall be blended into the surrounding surface so 
as to avoid sharp notches, crevices, or corners. Where welding 
is required after repair of an imperfection, the area shall be 
cleaned and welding performed in accordance with a qualified 
welding procedure. 

(a) Treatment of indications believed nonrelevant. Any 
indication which is believed to be nonrelevant shall be re¬ 
garded as an imperfection unless it is shown by reexamination 
by the same method or by the use of other nondestructive 
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methods and/or by surface conditioning that no unacceptable 
imperfection is present. 

(b) Examination of areas from which defects have been 
removed. After a defect is thought to have been removed and 
prior to making weld repairs, the area shall be examined by 
suitable methods to ensure it has been removed or reduced to 
an acceptably sized imperfection. 

(c) Re-examination of repair areas. After repairs have 
been made, the repaired area shall be blended into the sur¬ 
rounding surface so as to avoid sharp notches, crevices, or cor¬ 
ners and re-examined by the liquid penetrant method and by 
all other methods of examination that were originally required 
for the affected area, except that, when the depth of repair is 
less than the radiographic sensitivity required, reradiography 
may be omitted. 


15 ASME APPENDIX R: PREHEATING 

Refer to Chapter 4, section 7.7. 

Preheating may be employed during welding to assist in 
completion of the welded joint. The need for and temperature 
of preheat are dependent on a number of factors, such as the 
chemical analysis, degree of restraint of the parts being joined, 
elevated physical properties, and heavy thicknesses. Manda¬ 
tory rules for preheating are, therefore, not given in this Divi¬ 
sion except as required in the footnotes that provide for ex¬ 
emptions to postweld heat treatment in Tables UCS 56 and 
UHA 32. Some practices used for preheating are given below 
as a general guide for the materials listed by P. numbers in 
Section IX. It is cautioned that the preheating temperatures 
listed below do not necessarily insure satisfactory completion 
of the welded joint and requirements for individual materials 
within the P. number listing may have preheating more or less 
restrictive than this general guide. The procedure specifica¬ 
tion for the material being welded specifies the minimum pre- 
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heating requirements under Section IX weld procedure quali¬ 
fication requirements. 

The heat of welding may assist in maintaining preheat 
temperatures after the start of welding and for inspection pur¬ 
poses, temperature checks can be made near the weld. The 
method or extent of application of preheat is not, therefore, 
specifically given. Normally when materials of two different 
P. number groups are joined by welding, the preheat used will 
be that of the material with the higher preheat specified on 
the procedure specification. 

R-1 P. No. 1 Groups 1, 2, and 3 

(a) 175°F (79°C) for material which has both a specified 
maximum carbon content in excess of 0.30% and a 
thickness at the joint in excess of 1 in. (25 mm) 

(b) 50°F (10°C) for all other materials is this P. number. 

R-2 P. No. 3 Group Nos. 1, 2, and 3 

(a) 175°F (79°C) for material which has either a speci¬ 
fied minimum tensile strength in excess of 70,000 psi 
(480 MPa) or a thickness at the joint in excess of 5 /s 
in. (16 mm) 

(b) 50°F (10°C) for all other materials is this P. number. 

R-3 P. No. 4 Group Nos. 1 and 2 

(a) 250°F (121°C) for material which has either a speci¬ 
fied minimum tensile strength in excess of60,000 psi 
(410 MPa) or a thickness at the joint in excess of Va 
in. (13 mm) 

(b) 50°F (10°C) for all other materials is this P. number. 

R-4 P. Nos. 5A and 5B Group No. 1 

(a) 400°F (204°C) for material which has either a speci¬ 
fied minimum tensile strength in excess of60,000 psi 
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(410 MPa) or has both a specified minimum chro¬ 
mium content above 6.0% and a thickness at the 
joint in excess of l h in. (13 mm) 

(b) 300°F (149°C) for all other materials is these P. num¬ 
bers. 

R-5 P. No. 6 Group Nos. 1, 2, and 3 
400°F (204°C) 

R-6 P. No. 7 Group Nos. 1 and 2 
None. 

R-7 P. No. 8 Group Nos. 1 and 2 
None. 

R-8 P. No. 9 Groups 

250°F (121°C) for P. no. 9A group no. 1 materials 
300°F (149°C) for P. no. 9B group no. 1 materials 

R-9 P. No. 10 Group 

175°F (79°C) for P. no. 10A group no. 1 materials. 

250°F (121°C) for P. no. 10B group no. 2 materials. 
175°F (79°C) for P. no. IOC group no. 3 materials. 

250°F (121°C) for P. no. 10F group no. 6 materials. 

For P. no. 10C group no. 3 materials, preheat is neither 
required nor prohibited, and consideration shall be 
given to the limitation of interpass temperature for 
various thicknesses to avoid detrimental effects on 
the mechanical properties of heat treated material. 
For P. no. 10D group no. 4 and P. no. 10E group no. 5 
materials, 300°F (149°C) with interpass tempera¬ 
ture maintained between 350 and 450°F (177 and 
232°C). 
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R-10 P. No. 11 Group 

(a) P. no. 11A Group 

Group no. 1: none (see Note) 

Group no. 2: same as for P. no. 5 (see Note) 

Group no. 3: same as for P. no. 5 (see Note) 

Group no. 4: 250°F (121°C) 

(b) P. no. 11B Group 

Group no. 1: same as for P. no. 3 (see Note) 

Group no. 2: same as for P. no. 3 (see Note) 

Group no. 3: same as for P. no. 3 (see Note) 

Group no. 4: same as for P. no. 3 (see Note) 

Group no. 5: same as for P. no. 3 (see Note) 

Group no. 6: same as for P. no. 5 (see Note) 

Group no. 7: same as for P. no. 5 (see Note) 

Note: Consideration shall be given to the limitation of in¬ 
terpass temperature for various thicknesses to avoid detri¬ 
mental effects on the mechanical properties of heat treated 
materials. 

16 UW 35; FINISHED LONGITUDINAL 
AND CIRCUMFERENTIAL JOINTS 

Refer to Chapter 4, Section 7.15. 

(a) Butt welded joints shall have complete penetration 
and full fusion. As-welded surfaces are permitted; however, 
the surface of welds shall be sufficiently free from coarse rip¬ 
ples, grooves, overlaps, and abrupt ridges and valleys to per¬ 
mit proper interpretation of radiographic and other required 
nondestructive examinations. If there is a question regarding 
the surface condition of the weld when interpreting a radio- 
graphic film, the film shall be compared to the actual weld 
surface for determination of acceptability. 
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(b) A reduction in thickness due to the welding process 
is acceptable provided all of the following conditions are met: 

(1) The reduction in thickness shall not reduce the 
material of the adjoining surfaces below the mini¬ 
mum required thickness at any point. 

(2) The reduction in thickness shall not exceed V 32 in. 
(0.8 mm) or 10% of the nominal thickness of the 
adjoining surface, whichever is less. 

(c) When a single-welded butt joint is made by using a 
backing strip which is left in place [Type No. (2) of Table UW 
12], the requirement for reinforcement applies only to the side 
opposite the backing strip. 

(d) To assure that the weld grooves are completely filled 
so that the surface of the weld metal at any point does not fall 
below the surface of the adjoining base materials, weld metal 
may be added as reinforcement on each face of the weld. The 
thickness of the weld reinforcement on each face shall not ex¬ 
ceed the following: 


Material nominal 
thickness (in.) 

Maximum reinforcement (in.) 

Category B and C butt welds 

Other welds 

Less than %2 

%2 

V32 

%2 to 3 /i6, inch 

Vs 

Vis 

Over 3 /i6 to V2, inch 

V32 

3 /32 

Over V2 to 1, inch 

3 /l6 

3 /32 

Over 1 to 2, inch 

>/4 

'/» 

Over 2 to 3, inch 

>/4 

V32 

Over 3 to 4, inch 

'/* 

7 /32 

Over 4 to 5, incl. 

V4 

V4 

Over 5 

5 /l6 

5 /l« 


17 UW 40; PROCEDURES FOR POSTWELD 
HEAT TREATMENT 

Refer to Chapter 7, Section 1. 

(a) The operation of postweld heat treatment shall be 
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performed in accordance with the requirements given in the 
applicable Part in Subsection C using one of the following pro¬ 
cedures. In the procedures that follow, the soak band is de¬ 
fined as the volume of metal required to meet or exceed the 
minimum PWHT temperatures listed in Table UCS 56. As a 
minimum, the soak band shall contain the weld, heat affected 
zone, and a portion of base metal adjacent to the weld being 
heat treated. The minimum width of this volume is the widest 
width weld plus It or 2 in., whichever is less, on each side or 
end of the weld. The term t is the nominal thickness as defined 
in (f) below. 

(1) Heating the vessel as a whole in an enclosed fur¬ 
nace: This procedure is preferable and should be 
used whenever practicable. 

(2) Heating the vessel in more than one heat in a fur¬ 
nace, provided the overlap of the heated sections 
of the vessel is at least 5 ft (1.5 m): When this pro¬ 
cedure is used, the portion outside of the furnace 
shall be shielded so that the temperature gradient 
is not harmful. The cross-section where the vessel 
projects from the furnace shall not intersect a noz¬ 
zle or other structural discontinuity. 

(3) Heating of shell sections and/or portions of vessels 
to postweld heat treat longitudinal joints or com¬ 
plicated welded details before joining to make the 
completed vessel: When the vessel is required to 
be postweld heat treated, and it is not practicable 
to postweld heat treat the completed vessel as a 
whole or in two or more heats as provided in (2) 
above, any circumferential joints not previously 
postweld heat treated may be thereafter locally 
postweld heat treated by heating such joints by 
any appropriate means that will assure the re¬ 
quired uniformity. For such local heating, the soak 
band shall extend around the full circumference. 
The portion outside the soak band shall be pro¬ 
tected so that the temperature gradient is not 
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harmful. This procedure may also be used to post¬ 
weld heat treat portions of new vessels after re¬ 
pairs. 

(4) Heating the vessel internally by any appropriate 
means and with adequate indicating and recording 
temperature devices to aid in the control and main¬ 
tenance of a uniform distribution of temperature 
in the vessel wall. Previous to this operation, the 
vessel should be fully enclosed with insulating ma¬ 
terial, or the permanent insulation may be in¬ 
stalled provided it is suitable for the required tem¬ 
perature. In this procedure the internal pressure 
should be kept as low as practicable, but shall not 
exceed 50% of the maximum allowable working 
pressure at the highest metal temperature ex¬ 
pected during the postweld heat treatment period. 

(5) Heating a circumferential band containing nozzles 
or other welded attachments that require postweld 
heat treatment in such a manner that the entire 
band shall be brought up uniformly to the required 
temperature and held for the specified time. Ex¬ 
cept as modified in this paragraph below, the soak 
band shall extend around the entire vessel, and 
shall include the nozzle or welded attachment. The 
circumferential soak band width may be varied 
away from the nozzle or attachment weld requir¬ 
ing PWHT, provided the required soak band 
around the nozzle or attachment weld is heated to 
the required temperature and held for the required 
time. As an alternative to varying the soak band 
width, the temperature within the circumferential 
band away from the nozzle or attachment may be 
varied and need not reach the required tempera¬ 
ture, provided the required soak band around the 
nozzle or attachment weld is heated to the re¬ 
quired temperature, held for the required time, 
and the temperature gradient is not harmful 
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throughout the heating and cooling cycle. The por¬ 
tion of the vessel outside of the circumferential 
soak band shall be protected so that the tempera¬ 
ture gradient is not harmful. This procedure may 
also be used to postweld heat treat portions of ves¬ 
sels after repairs. 

(6) Heating the circumferential joints of pipe or tubing 
by any appropriate means using a soak band that 
extends around the entire circumference. The por¬ 
tion outside the soak band shall be protected so 
that the temperature gradient is not harmful. The 
proximity to the shell increases thermal restraint, 
and the designer should provide adequate length 
to permit heat treatment without harmful gradi¬ 
ents at the nozzle attachment or heat a full circum¬ 
ferential band around the shell, including the 
nozzle. 

(7) Heating a local area around nozzles or welded at¬ 
tachments in the larger radius sections of a double¬ 
curvature head or a spherical shell or head in such 
a manner that the area is brought up uniformly to 
the required temperature and held for the specified 
time. The soak band shall include the nozzle or 
welded attachment. The soak band shall include a 
circle that extends beyond the edges of the attach¬ 
ment weld in all directions by a minimum of t or 
2 in., whichever is less. The portion of the vessel 
outside of the soak band shall be protected so that 
the temperature gradient is not harmful. 

(8) Heating of other configurations. Local area heating 
of other configurations not addressed in (a)(1) 
through (a)(7) above is permitted, provided that 
other measures (based upon sufficiently similar, 
documented experience or evaluation) are taken 
that consider the effect of thermal gradients, all 
significant structural discontinuities (such as noz¬ 
zles, attachments, head-to-shell junctures), and 
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any mechanical loads which may be present during 
PWHT. The portion of the vessel or component out¬ 
side the soak band shall be protected so that the 
temperature gradient is not harmful. 

(b) The temperatures and rates of heating and cooling 
to be used in postweld heat treatment of vessels constructed 
of materials for which postweld heat treatment may be re¬ 
quired are given in UCS 56, UHT 56, UNF 56, and UHA 32. 

(c) The minimum temperature for postweld heat treat¬ 
ment given in Tables UCS 56, UHT 56, and UHA 32 and in 
UNF 56, shall be the minimum temperature of the plate mate¬ 
rial of the shell or head of any vessel. Where more than one 
pressure vessel or pressure vessel part are postweld heat 
treated in one furnace charge, thermocouples shall be placed 
on vessels at the bottom, center, and top of the charge, or in 
other zones of possible temperature variation so that the tem¬ 
perature indicated shall be true temperature for all vessels or 
parts in those zones. 

(d) When pressure parts of two different P. number 
groups are joined by welding, the postweld heat treatment 
shall be that specified according to either UCS 56 or UHA 32 
for the material requiring the higher postweld heat treatment 
temperature. 

(e) Postweld heat treatment, when required, shall be 
done before the hydrostatic test and after any welded repairs 
except as permitted by UCS 56(f). A preliminary hydrostatic 
test to reveal leaks prior to postweld heat treatment is permis¬ 
sible. 

(f) The term nominal thickness as used in Tables UCS 
56, UCS 56.1, UHA 32, and UHT 56 is the thickness of the 
welded joint as defined below. For pressure vessels or parts 
of pressure vessels being postweld heat treated in a furnace 
charge, it is the greatest weld thickness in any vessel or vessel 
part which has not previously been postweld heat treated. 

(1) When the welded joint connects parts of the same 
thickness, using a full penetration butt weld, the 
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nominal thickness is the total depth of the weld 
exclusive of any permitted weld reinforcement. 

(2) For groove welds, the nominal thickness is the 
depth of the groove. 

(3) For fillet welds, the nominal thickness is the throat 
dimension. If a fillet weld is used in conjunction 
with a groove weld, the nominal thickness is the 
depth of the groove or the throat dimension, which¬ 
ever is greater. 

(4) For stud welds, the nominal thickness shall be the 
diameter of the stud. 

(5) When a welded joint connects parts of unequal 
thicknesses, the nominal thickness shall be the fol¬ 
lowing: 

(a) The thinner of two adjacent butt-welded parts 
including head-to-shell connections 

(b) The thickness of the shell or the fillet weld, 
whichever is greater, in connections to interme¬ 
diate heads of the type shown in Figure UW 13.1 
sketch (f) 

(c) The thickness of the shell in connections to tube 
sheets, flat heads, covers, flanges, or similar con¬ 
structions 

(d) In Figures UW 16.1 and UW 16.2, the thickness 
of the weld across the nozzle neck or shell or 
head or reinforcing pad or attachment fillet 
weld, whichever is greater 

(e) The thickness of the nozzle neck at the joint in 
nozzle neck-to-flange connections 

(f) The thickness of the weld at the point of attach¬ 
ment when a nonpressure part is welded to a 
pressure part 

(g) The thickness of the weld in tube-to-tube-sheet 
connections. 

The thickness of the head, shell, nozzle neck, or other 
parts as used above shall be the wall thickness of the part at 
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the welded joint under consideration. For plate material, the 
thickness as shown on the material test report or material cer¬ 
tificate of compliance before forming may be used, at manufac¬ 
turer’s option, in lieu of measuring the wall thickness at the 
welded joint. 

(6) For repairs, the nominal thickness is the depth of 
the repair weld. 
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[Distortion control] 
longitudinal seam, 95-99 
restraints, 119-121 
Documents: 
flow diagram, 22 
input output, 21-27 

Equipment: 
gamma ray, 188 
ultrasonic, characteristics 
of, 210-211 

Films, 190 
processing, 202-203 
Fitting of: 
manholes, 130-132 
nozzles, 130-132 
Forming: 
bending, 33-34 
cold, 31 
hot, 31 
pressing, 32 
spinning, 32-33 
Functions: 
commercial, 10-11 
design, 11-12 
finance, 21 
maintenance, 20 
personnel, 20-21 
planning, 12 
procurement, 16 
production, 19-20 
QAC, 18-19 
stores, 16-18 

Geometric unsharpness, 198 

Heat treatment: 
cycle, 260-262 
loading, 258-259 


[Heat treatment] 
records, 263-264 
temperature, measurement 
of, 259-260 

thermocouple, attachment 
of, 260 

Hydrostatic test: 
gauges, 167, 267-268 
medium, 267 
methodology, 268-269 
preliminary, need for, 149 
method, 151 
records, 151 

preparations for, 164-167, 
266-267 
procedure, 164 
records, 167, 270 

Image quality indicator: 
number of, 200 
placement of, 199 
selection of, 199 
Inspection: 
cones, 53-54 
cut edges, 91-93 
dished ends, 51, 72 
materials, fittings, 72 
plan, 298-299 
shells, 51-53 

visual, inside surface, 162, 
169-170 
item check, 160 
weld, 113, 160 

Linearity of: 

amplitude control, 227-228 
screen height, 227 
time base, 226 
Liquid penetrant test: 
acceptance, 253 
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[Liquid penetrant test] 
cleaning, post-test, 253- 
254 

developing, 252 
examination, 251 
interpretation, 252 
media, 251 

penetrant, application, 251 
color, 252-253 
fluorescent, 253 
removal, 251-252 
qualification of personnel, 
249-250 
reports, 254-256 
surface, 250 

Magnetic particle test: 
acceptance, 244 
cleaning, post-test, 244 
demagnetization, 244 
examination, 239-240 
interpretation, 243 
magnetization: 
direction of, 240 
field indicator, 241 
force, 240-241 
technique, 238 
preparation of surface, 238- 
239 

procedure, yoke method, 
241-242 

qualification of personnel, 
237-238 
sensitivity, 241 
Manufacture of: 
cone, 41 
head, 35-38 
manholes, 124 
nozzles, 124-127 
shell, 40-41 


Marking: 

manholes, 127-130 
nozzles, 127-130 
shells, 90-91 
Materials: 

grouping of, 280-281 
identification of, 35 
Measuring dimension: 
of cones, 48-51 
of dished ends, 42-46 
of flat ends, 41-42 
of shells, 46-48 
Measuring temperature, 259- 
260 

Nonconformity, clearance of, 
162 

Nondestructive test: 
after back gouging, 111 
after PWHT, 145 
circumferential seam, 121 
completion of, 160-162, 164 
longitudinal seam, 113-114 
reports review, 142 

Organization: 
chart, 8-9 
need for, 7-8 

Postweld heat treatment: 
cooling, 155 
cycle, 155-156 
heating, 154-155 
method, 154 
release for, 142-145 
requirements, 153 
soaking, 155 
Pressure vessel, 2 
design data sheet, 4 
standards, 2 
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Quality: 

assurance, 271-272 
control, 272 
plan,292-296 
weld, production, 282-283 

Radiograph: 
acceptance, 204 
density, 200-201 
identification of, 204-205 
quality, 200 
sensitivity, 201-202 
viewing, 203 
Radiographic testing: 
equipment, 188-190 
gamma ray, 188 
thickness range, 189-190 
x-ray, 188 
full, 114 

procedures, 191-197 
qualification of personnel, 
187-188 

reports, 203-204 
screens, 190 
spot, 114-115 
surface preparation, 188- 
189 

finish, 189 
materials, 188 
welds, 188-189 
Recorders, calibration of, 156 
Records: 

dimensional, 139-140 
heat treatment, verification 
of, 158 

Thermocouples: 
calibration of, 156 
placement of, 156 
Tolerance, for vessels, 301-304 


Ultrasonic test: 
calibration, 212-216 
basic blocks, 212, 216 
reflectors, 212 
standards, 211 
correction of, 213 
amplitude, 213 
transfer, 213 
couplant, 211 
coverage, 212 
determination of, 225-233 
beam angle, 226 
index point, 225 
transfer correction, 232- 
233 

evaluation of, 214 
defects, 214 
size, 214 

linearity of, 226-228 
amplitude control, 227- 
228 

screen height, 227 
time base, 226 
preparation of, DAC, 231 
procedures, 217-225 
qualification of, personnel, 
209-210 
report, 214-215 
resolution, 229 
angle probe, 229 
straight probe, 229 
scanning, 213-214 
angle beam, 214 
straight beam, 213-214 
search unit, movement, 212 
test surface, cleaning of, 216 

Weld: 

circumferential seam, 115- 
119 
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[Weld] 

fit-up, 115-119 
inspection, 116-117 
longitudinal seam, 95 
fit-up, 95 
inspection, 95 
Welding: 

back-gouging, 102-103 
balancing of, 111 
circumferential seam, 121 
sequence, 121 
coupon plates, 111-113 
edge preparation, 100-101, 
130 

longitudinal seam, 108-111 
back-gouging, 109-111 
interpass temperature, 
109 


[Welding] 

sequence, 108 
manholes, 124-127 
back-gouging, 137 
qualification, 137-138 
sequence, 136 
nozzles, 124 
precleaning, 104 
preheating, 104-107 
qualification: 100, 277- 
279 

procedure, 100, 277-278 
welder, 100, 279 
run-in and run-out, 103 
standards, 272-273 
stiffeners, 103-104 
tacks, 103 
variables, 279-280 





